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BALLISTIC  RESEARCH  LABORATORIES 


REPORT  NO.  110 6 


MHLawrence/ sec 

Aberdeen  Proving  Ground,  Md. 
August  i960 


PHOTOGRAMMETRIC  EVALUATION  OF  AIRCRAFT 
GUN  FIRINGS  AT  HIGH  ALTITUDES 

ABSTRACT 

This  report  describes  methods  of  measurement  and  reduction  of  data 
on  aircraft  gun  firings  at  high  altitudes. 

These  methods  were  applied  to  records  obtained  by  airborne  and  ground 
based  photogrammetric  cameras  for  the  purpose  of  determining: 

(a)  the  spatial  orientation  of  the  gun  at  the  moment  of  firing, 

(b)  the  spatial  coordinates  and  velocity  of  the  aircraft  at  the 
time  of  firing, 

(c)  the  muzzle  velocity  and  the  spatial  coordinates  of  the  point 
of  burst  of  the  projectile. 

Results  of  several  rounds  are  tabulated  and  numerical  examples  of 
each  type  of  computation  are  included  in  this  report.' 

A  detailed  description  of  the  instrumentation  is  contained  in  BRL 
Report  No.  1105,  "Instrumentation  for  Acquisition  of  Ballistic  Data  on 
Full-Scale  Aircraft  Gun  Firings",  by  Donald  F.  Menne,  August  i960. 


3 


*1  1  1H  I II  >  ATXtinmTAW 

JL  .  XITXnUiiUUT  XUW 

1.1  In  January  195^*  the  Ballistic  Research  Laboratories  were 
assigned  responsibility  for  developing  instrumentation,  methods  of 
observation,  and  data  reduction  procedures  for  the  acquisition  of  ballistic 
data  on  aircraft  gun  firings  at  high  altitudes.  This  assignment  comprising 
the  full  scale  phase  of  project  "Crosswind"  was  discussed  in  an  earlier 

m 

report . '  ’ 

The  Ballistic  Research  Laboratories  were  responsible  for  the  first 
group  of  firings.  Range  support  and  additional  personnel  were  provided 
by  the  Air  Force  Armament  Center.  (AFAC ),  Eglin  Air  Force  Base,  Florida. 

The  field  observations  during  the  initial  phase  of  this  program  were  con¬ 
ducted  at  Eglin  Air  Force  Base  (EAFB)  between  February  and  June  195® •  The 
data  reductions  were  carried  out  by  BRL  at  the  Aberdeen  Proving  Ground, 
Maryland.  The  BRL  survey  group  departed  EAFB  in  March  195®*  and  the  re¬ 
maining  BRL  personnel  in  May  195®*  Upon  completion  of  this  initial  phase, 
all  instrumentation  and  data  were  turned  over  to  AFAC . 

1.2  The  quantities  to  be  determined,  their  respective  accuracies  and 
method  of  observation,  as  set  forth  in  Reference  (1)  were  as  follows: 

(a)  Spatial  coordinates  of  the  aircraft  at  the  instant  the  gun 

is  fired  and  of  the  burst  of  the  projectile  to  a  relative  accuracy  of  —  2  ft. 
( mean  error ) .  bv  around  based  ohoto theodolites 

\  r  •  ¥  w  '  ^ - — - -  — . - - - 

(b)  Velocity  of  the  aircraft  to  —  2  ft/sec*,  by  ground  based 
phototheodolites 

(c)  Orientation  of  the  gun  line  in  space  to  —  1  mil,  by  airborne 
photogrammetrlc  camera 

(d)  Muzzle  velocity  of  the  projectile  to  -  2  ft/sec,  by  velocity 
cameras,  as  well  as  by  electronic  projectile  velocity  meter  (PVM) 

(e)  Time  of  emergence  of  the  projectile  from  the  muzzle  to 
—  0.001  sec,  by  eletronic  method 

(f)  Time  of  burst  of  the  projectile  to  —  0.001  sec,  by  electronic 

method 
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(g)  Meterological  data  including: 

(1)  Air  density  to  -  0.1^ 

(2)  Wind  velocity  to  —  5  ft/sec. 

(3)  Air  temperature  to  —  1°F 

This  report  will  be  concerned  only  with  items  (a)  through  (c),  and 
with  (d)  insofar  as  the  optical  method  is  concerned.  Table  27  lists  a 
summary  of  results  of  these  items  together  with  results  as  obtained  by 
electronic  methods.  Item  (g)  which  was  the  responsibility  of  AFAC  is  only 
included  insofar  as  these  data  are  used  to  compute  refraction  corrections. 

1.3  An  F-89C  aircraft  (Fig.  1),  modified  to  carry  the  required 
instrumentation  (Fig.  2),  was  used.  All  missions  were  flown  at  30,000  feet, 
•where  20mm  M97  rounds  using  gun  M-2.4  were  fired.  All  firings  were  made 
approximately  vertically  downward. 

1.4  This  report  deals  with  a  group  of  15  rounds  fired  at  EAFB.  In 
the  case  of  some  firings  it  was  impossible  to  obtain  all  the  desired 
quantities  because  of  failures  of  one  type  or  another.  However,  all  data 
that  could  be  reduced  for  these  rounds  have  been  included. 

Throughout  this  report  the  rounds  are  designated  by  date,  mission,  pass 
and  round  number.  For  example,  11  April  M1/P3-2  refers  to  the  2nd  round 
fired  during  the  3rd  pass  over  the  range  for  the  1st  mission  flown  on  the 
11th  of  April.  If  only  one  round  was  fired  during  any  one  pass  the  round 
number  was  omitted. 

1.5  Measurements  of  plate  and  film  coordinates  were  made  on  a  pre¬ 
cision  Mann  Comparator  where  readings  to  the  nearest  micron  were  taken. 

In  the  case  of  the  airborne  camera  (Wild  RC-7)  plates  and  velocity  camera 
film,  three  settings  were  made  on  each  point  measured.  In  the  case  of  the 
ground  based  phototheodolite  (Askania)  plates,  three  settings  were  made  on 
each  star  break  resulting  in  twelve  settings  for  each  star.  Three  settings 
were  made  on  each  survey  flash  image  and  twelve  settings  on  the  burst  image. 
In  all  cases,  six  settings  were  made  on  each  fiducial  mark,  three  before 
and  three  after  the  plate  or  film  was  measured. 
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Fig.  2  Airborne  Instrumentation 
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1.6  The  ORDVAC  and  EDVAC  high  speed  electronic  computers  were 
available  for  the  computation  of  star  positions,  range  and  calibration  pit 
control  point  coordinates  and  the  reduction  of  camera  orientations  and  gun 
directions . 

1.7  BRL  Report  No.  1105,  "Instrumentation  for  Acquisition  of  Ballistic 

(2) 

Data  on  Full-Scale  Aircraft  Gun  Firings"'  '  gives  a  detailed  description  of 
the  Instrumentation  system. 
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2.  CALIBRATION  PIT 


2 .1  Function  and  Description 

The  basic  function  of  the  calibration  pit  was  to  determine  the 
direction  of  the  gun  relative  to  the  RC-7  camera  and  the  orientations 

nf*  -hhp  vplnoltv  nampm  r  .  hv  mppms  nf*  nnl  1  brprM  on  tarcrpts  .  nhntoxrra'nhRtf 
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from  the  stationary  aircraft. 


+ 

^  j.  u 


/’’EM  rr 

K*  J-G* 


r»-P 


r*nri^rb+.b 


approximately  23  feet  square  and  13  feet  deep.  At  the  top  and  flush  with 
the  natural  ground  surface  a  cantilever  type  beam,  2  feet  wide  and  extending 
7  feet  over  the  pit,  was  constructed  on  which  the  front  wheel  of  the  air¬ 
craft  could  be  placed.  This  allowed  positioning  of  the  RC-7,  the  velocity 
cameras  and  the  gun  over  the  pit. 


FIG  3  -  CALIBRATION  PIT 
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To  provide  the  targets  or  control  points  necessary  to  determine  the 
RC-7  camera  orientation  25  steel  balls,  each  .06  inches  in  diameter  and 
painted  white,  were  attached  to  an  invar  bar  system  (Fig.  4).  This 
system,  mounted  to  an  isolated  pier  in  the  center  of  the  bottom  of  the 
calibration  pit,  consisted  of  eight  separate  invar  bars  radiating  from 
the  center  toward  the  four  walls  of  the  pit.  Two  control  points  (Nos.  26 

»  u  J  OT  N  ,  nvt  n  vi  a *  VUt  4  aVi  Tin  n  4*  qyhti  Avin  -w  -l  1  ir  4  Ti  o  a/4  4  A  4~  Vi  e*  rrt 

tuiu.  c.  (  )  were  muuiiueu  un  a.  x  uu  wnxuu  wao  u ciup x  clj.  -lj-jt  ucu  iiiww 

barrel  to  define  its  center  line  during  the  calibration.  Control  point 
No.  25  was  used  to  determine  the  camera  orientations  for  velocity  cameras 

Nos.  1  and  4.  Control  point  No.  2?  was  used  to  determine  the  camera 

orientations  for  velocity  cameras  Nos.  2  and  5. 


Fig.  4  RC-7  Photograph  of  Calibration  Pit 
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of  each  corner  of  the  pit  7  permsment  type  self •centering 


bolts  were  embedded  in  the  concrete,  thus  allowing  the  positions  of  Wild  T-2 
theodolites  to  be  recovered  in  all  three  coordinates.  A  calibrated  invar 
bar  10.  *5  feet  loner  which  could  be  used  to  determine  the  scale  of  the  control 


puixito  oyottan  VaS  attached  to  One  wall  uf  the  ptlu*  (Scale  waS  actually 
determined  by  taping  the  distance  between  two  self-centering  bolts  and 
checked  by  the  invar  bar). 


Except  for  the  glossy  white  target  balls,  which  were  illuminated  by 
16  evenly  spaced  500  watt  photo-flood  type  bulbs,  the  calibration  pit  and 
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2.2  Pit  Calibrations 

As  a  result  of  numerous  pit  calibrations,  a  procedure  for  observing 
the  pit  control  points  was  established. 


(a )  Periodically,  a  complete  pit  calibration  was  made  in  which  all 
25  control  points  and  stations  A,  B,  C  and  D  were  observed.  Coordinates 


urum  uuiD  survey  wexe  useu 


tat ion.  During  this  calibration,  a  Wild  T-2  theodolite  was  set  up  at  each 
corner  (A,  B*  C,  D)  of  the  pit.  A  quadrilateral  was  thereby  formed  from 
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the  XY-eoordinates  of  the  25  control  points,  this  quadrilateral  (Fig.  5) 
was  adjusted  and  served  as  a  basic  net  from  which  all  control  points  were 
cut  in  by  intersection.  Because  of  the  steep  vertical  angles  encountered 
In  the  pit,  only  the  six  control  points,  Nos.  7,  8,  9,  19,  20  and  21  were 
observed  from  all  four  stations.  Control  points  Nos.  10  through  18  were 
observed  from  stations  D  and  C ,  and  control  points  Nos .  1  through  6  and 
22  through  25  were  observed  from  stations  A  and  B.  (Fig.  4).  The  Z 
coordinates  were  determined  by  differential  leveling. 
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FIG.  5  -  CALIBRATION  PIT  QUADRILATERAL 


(b)  A  check  was  made  on  the  relative  positions  of  the  control 
points  before  each  night's  missions.  Six  points.  Nos.  9#  15*  17#  19#  23 
and  25  were  chosen  for  this  purpose.  The  Z  coordinates  were  checked  by 
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les  turned  from  station  D  and  XT  coordinates  by  intersection 


from  stations  A  and  D.  Any  changes  in  their  relative  positions  large 
enough  to  affect  the  camera  orientations  would  require  a  new  pit  cali¬ 
bration. 


During  the  times  the  check  survey  was  made,  the  aircraft  was  positioned 
oyer  the  pit#  control  points  Nos,  26  and  27  were  observed  and  velocity  and 
RC-7  camera  photographs  were  taken.  The  relations  among  velocity  cameras, 
RC-7  camera,  and  the  gun  could  in  this  way  be  established. 
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2.3  Stability  of  the  Control  Points 


The  stability  of  the  control  points  depends  on  the  stability  of  the 
invar  bar  system  and  the  concrete  pit  itself.  (See  Table  1  which  shows 
the  XYZ  coordinates  of  6  of  the  25  control  points  as  obtained  from  different 
pit  calibrations . ) 


Pit  calibrations  made  during  the  summer  of  1957  showed  that  the  invar 
bar  system  was  stable  and  that  most  of  the  changes  in  the  coordinates  of 
the  control  points  were  due  to  deflections  or  changes  in  the  walls  of  the 
pit*  These  changes  would  affect  the  quadrilateral  or  basic  net  from  which 


the  coordinates  of  the  control  points  were  determined  (See  Tables  2,  J,  4 
and  note  the  changes  in  the  adjusted  angles,  the  four  coordinates  and  the 
six  lengths  of  the  quadrilateral, )  Changes  due  to  the  instability  of  the 
quadrilateral  would  not  affect  camera  orientations  or  the  direction  of  the 
gunj  as  long  as  the  relative  difference  in  the  coordinates  of  the  control 
points  remained  the  same,  the  relations  among  velocity  cameras,  RC-7  camera 
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2.4  Accuracy  of  the  Control  Points 


The  accuracy  with  which  the  positions  of  the  control  points  could  be 
determined  depended  on  (a)  the  length  measurements  (scale),  (b)  the 
differential  levels  or  vertical  angles,  and  (c)  the  horizontal  angles  to 
the  stations  and  control  points. 


(a)  Scale 

Scale  would  affect  the  absolute  accuracy  but  was  Important  only 
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determine  the  projectile  velocity,  a  true  distance  between  them  was  necessary. 
Since  only  directions  were  required  for  the  RC-7  camera  and  the  gun,  any 


rirtrt  1  a  aaiiI  A  Vieira  noo/1 

DV/UXU  UVUXU  11U  V  W  WWVU  VLOWU.I 


Scale  comparisons  made  on  the  10. 5  foot  invar  bar  showed  errors 
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distance  between  points  Nos.  25  and  27,  and  taking  0.004  seconds  as  the 
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average  time  required  for  the  projectile  to  travel  a  distance  equal  to 
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of  0.05  meters  per  second  would  result.  The  effect  of  scale  errors  of  the 
calibration  pit  on  the  projectile  velocity  was,  therefore,  negligible. 


(b)  Differential  levels  and  vertical  tingles. 


To  determine  the  elevations  of  the  control  points,  two  Wild  N-2 
instruments  were  set  up  in  the  bottom  of  the  pit  at  opposite  corners, 
because  the  minimum  focal  distance  of  the  instruments  would  not  accommo¬ 
date  all  the  points  from  one  set-up.  Elevations  of  the  control  points 
that  could  be  observed  from  both  set-ups  agreed  to  within  0.2mm.  Checks 
on  the  elevations  made  by  changing  the  instrument  heights  and  re-running 
the  points  were  within  0.2mm. 


Vertical  angles  to  the  control  points  (see  2.2(b)),  which  were 
used  to  check  the  Z  coordinates,  could  easily  be  turned  to  within  5  seconds 
or  arc.  The  maximum  oblique  distance  from  an  instrument  to  a  control  point, 
station  D  to  point  1 6  was  approximately  9-6  m.  The  Z  coordinates  of  the 
control  points,  as  determined  by  vertical  angles,  should  therefore  be  good 
to  0.2mm.  (See  Table  5  which  is  a  tabulation  of  Z  coordinates  as  obtained 
from  several  calibrations).  The  two  calibrations  of  28  February  1958)  Nos.  07 
and  08,  were  made  approximately  5  hours  apart.  Calibration  Nos.  05,  19) 

OO  0)1  «v»;j  ad  a-Va  -~-l  4-  aaI  4-  V.  C7 
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were  obtained  by  differential  levels,  whereas  all  others  were  obtained  by 
vertical  angles.  It  is  noted  that  the  differences  in  coordinates  on  the 
07  and  08  runs  were  within  0.2mm,  and  also  that  runs  05  and  09  determined 


by  levels  and  vertical  angles  were  in  good  agreement.  In  fact  all  runs 
from  28  February  to  11  March  would  indicate  that  the  Z  coordinates  of  the 
control  points  not  only  were  stable. but  also  were  within  the  expected  limits 
of  accuracy.  Calibrations  run  from  21  March  to  5  June  were  fair  but  showed 


a  certain  amount  of  relaxation  in  attitude  towards  accuracy  on  the  part  of 
the  observer.  These  results  could  only  be  attributed  to  coarse  errors  in 
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type  self-centering  bolts  provided  a  means  of  not  only  positioning  the 
theodolite  but  also  of  establishing  the  same  instrument  heights  for  all 
calibrations.  Some  of  the  calibrations,  for  example  calibration  No.  15, 

(see  Table  5)  seemed  to  be  consistently  off  by  approximately  2.5mm.  This 
discrepancy  could  be  the  result  of  not  setting  the  instrument  to  the  correct 
height,  since  careful  set-ups  should  position  the  instrument  in  height  to 
about  0.1mm.  Inasmuch  as  the  pit  control  points  would  directly  affect  the 
camera  calibrations,  maximum  care  in  establishing  coordinates  of  the  control 
points  should  be  exercised. 

The  two  control  points  on  the  gun  rod  also  afforded  a  check  on 
the  accuracy  that  could  be  expected  from  a  calibration.  These  two  points. 
Nos.  26  and  27,  used  to  define  the  gun  center  line,  were  surveyed  in  by 
observing  horizontal  angles  from  Stations  A  and  D  and  vertical  angles  from 
Station  D.  In  this  way  the  XYZ  coordinates  of  the  two  control  points  could 
be  computed.  Once  the  coordinates  were  known,  the  required  direction  of 
the  gun  could  be  determined  and  the  measured  distance  between  the  two 
control  points  used  as  a  check.  This  distance,  measured  by  taping  to  be 
0.8522  m,  remained  sufficiently  constant.  Table  6  is  a  tabulation  of  this 
distance  computed  from  the  XYZ  coordinates  of  the  two  points.  The  results 
between  11  February  and  21  May  compared  favorably  with  the  measured  distance. 
The  sudden  breakdown  of  this  agreement,  as  shown  by  results  between  22  May 
and  4  June,  could  be  attributed  to  several  factors,  one  being  careless 
field  observations,  another  being  a  movement  by  the  aircraft  or  the  gun 
during  the  time  points  Nos.  26  and  27  were  being  observed.  An  adjustment 
of  calibrations  made  between  11  February  and  21  May  resulted  in  a  mean  error 
for  an  individual  distance  measurement  of  -  0.18mm.  Therefore,  the  mean 
error  of  the  coordinates  of  a  single  point  would  be: 


-  0.18 

W 


—  0.15mm 
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This  was  somewhat  better  than  the  accuracy  obtained  for  the  25  control 

points  in  the  pit  and  was  probably  due  to  the  smaller  vertical  angles 

encountered  when  observing  points  Nos.  26  and  27.  The  vertical  angles 

o  *  o  ■ 

to  points  Nos .  26  and  27  were  approximately  +1  40  and  -9  50  whereas 

o  1 

vertical  angles  to  the  control  points  in  the  pit  ranged  from  -45  50  for 

o  * 

point  No.  25  to  -29  10  for  point  No.  17.  These  large  vertical  angles, 

unless  corrected  for  by  bubble  readings  or  by  carefully  leveling  the 
horizontal  axis  of  the  instrument,  would  affect  the  horizontal  directions 
to  the  points.  During  the  calibration  the  leveling  method  was  used. 

(c)  Horizontal  angles 

A  method  for  determining  the  XY  coordinates  and  mean  errors  of 
the  pit  control  points  by  the  method  of  least  squares  will  be  shown  in 
a  following  example.  Part  A  is  the  adjustment  of  the  quadrilateral  ABCD, 
Part  B  the  adjustment  of  the  four  directions  to  one  of  the  six  over¬ 
determined  control  points  (see  Tables  J,  8  and  9>  which  give  the  results 
of  Parts  A  and  B  for  pit  calibrations  run  on  5  March,  22  April  and  6  May 
respectively) . 

The  3  March  calibration  (Table  7),  shows  an  approximate  un¬ 
certainty  in  the  control  point  coordinates  of  0.l6mm  which  is  within  the 
limits  of  accuracy  expected  from  a  calibration.  The  22  April  calibration 
(Table  8),  which  is  a  good  quadrilateral  as  indicated  by  a  mean  error  of 
—  0.90  for  the  quadrilateral  adjustment,  breaks  down  to  —  0.66mm  because 
of  the  coarse  errors  made  when  observing  the  control  points.  The  i  1.01mm 
uncertainty  of  the  control  point  coordinates  for  the  6  May  calibration, 
(Table  9) >  was  due  not  only  to  careless  quadrilateral  observations  (mean 
error  for  a  single  angle  of  —  3*90  )>  but  probably  also  to  careless 
observations  made  on  the  control  points. 

Actually  the  coordinates  of  the  six  over-determined  control  points 
were  taken  as  averages  of  the  coordinates  as  obtained  from  each  of  the  six 
baselines,  and  not  by  a  least  squares  adjustment  of  the  four  directions. 
Little  difference  existed  between  the  two  methods,  and  either  one  produced 


IT 


results  comparable  in  reliability  to  the  coordinates  of  the  other  19 
control  points  (see  Table  10  which  is  a  tabulation  of  results  obtained 
by  the  two  methods).  Thus  the  difference  between  the  two  methods  for  the 
3  March  calibration  is  negligible.  The  quadrilateral  for  the  22  April  cali¬ 
bration  is  good,  but  coarse  errors  were  made  when  observing  the  control 
points.  The  observations  for  the  6  May  quadrilateral  are  affected  by 
coarse  errors  leading  to  wrong  control  point  coordinates. 

Part  A:  Quadrilateral  Adjustment  (3  March  Quadrilateral) 

(a)  The  following  figure  shows  the  angles  of  the  quadrilateral  as  observed 
in  the  field. 


Observed  Angles 

v  s 

from  (e) 

Adjusted 

Angles 

(1) 

42° 

14 

- n - 

47.4 

-0.84 

4=~ 

ro 

o 

.14* 

— “tt - 

46.56 

(2) 

47 

32 

06.2 

-0.35 

47 

32 

05.85 

(3) 

47 

39 

41.7 

-0.79 

47 

39 

40.91 

(*0 

42 

26 

57.8 

-0.57 

42 

26 

57-23 

(5) 

42 

21 

17.1 

-1.09 

42 

21 

16.01 

(6) 

47 

25 

05.3 

-0.60 

47 

25 

04.70 

(7) 

47 

46 

43.1 

-1.04 

47 

46 

42.06 

(8) 

42 

33 

27.0 

-0.32 

42 

33 

26.68 

NOTE:  To  satisfy  the  condition  that  the  sum  of  the  angles  of  a  triangle 
must  equal  100° ,  v^  and  Vq  were  changed  by  one  unit  in  the  second  decimal 
place.  This  difference  was  due  to  rounding. 


(b)  For  the  adjustment  of  the  quadrilateral,  3  angle  equations  and  1 
side  equation  must  be  satisfied. 

Angle  Equations 

Denoting  the  corrections  for£l,  £2..  Jf.8  by  v^,  Vg . Vg,  the  3 

angle  conditioned  equations  for 

A  ABC:  (2)  +  (3)  +  (4)  +  (5)  =  l80°  oo'  02*!8 

A  DAB:  (8)  +  (1)  +  (2)  +  (3)  *  180  00  02.3 

A  DCB:  (7)  +  (4)  +  (5)  +  (6)  =  180  00  03.3 

are 

it 

1.  V2  +  v5  +  v4  +  v5  =  -2.8 

2.  vQ  +  V-l  +  v2  +  v5  =  -2.3  © 

II 

3.  v?  +  v4  +  v5  +  v6  =  -3.3 
Side  Equation 

The  logarithmic  form  of  the  side  equation  in  terms  of  the  corrections 
is: 

-djV^  +  dgV^  -  ....  +  dgVg  “  1°S  sin  0^  +  log  sin  0^  -  ....  +  log  sin  0g  =  0 

or 

•  dlvl  +  d2v2  -••••+  d8V8  =  6 

where,  01 ,  0o  etc.  are  the  observed  values  of  the  angles,  d.. ,  dp  etc.  are 
the  tabular  differences  for  1  for  the  log  sines  of  0. ,  0„ ,  etc.  and  0  is 
the  amount  by  which  the  observed  values  fail  to  satisfy  the  side  equation. 

Taking  the  unit  as  the  6th  place  of  logarithms  and  arranging  in  tabular 

form. 


19 


Angle 

+  log  sin 

d 

Angle 

-  log  sin 

d 

8 

9.83015851 

P.PQ 

•  —  y 

1 

9.82757706 

2,52 

6 

9.86706149 

1.93 

7 

9.86955680 

1.91 

4 

9.82926432 

2.30 

5 

9.82847878 

2.31 

2 

9.86787422 

1-.93 

3 

9.86875OOI 

1.92 

39-39435854 

39.394362265 

£ 

39.39436265 

4.11  =  Q 


and  the  conditional  side  equation  Is 


-2 . 52v1  +  1-95v2  -  i.92v5  +  2.30v^  -  2.31v^  + 


*^v6 


n  m _  .  o  orL. 

X.^XV^  -r  c.£:^Yg 


( c )  Correlate  Equations 


Tabulating  the  conditional  equations  (I)  and  (2)  In  vertical  columns . 


v 


k4 


1 

2  1 


4  1 

5  l 

6 

7 

8 


1 

1 

i 


1 


1 

1 

1 

-L 


-2.32 

1.93 

-1.92 

2.50 

-2.31 

1.93 

-x.^x 

2.29 


(d;  and  forming  the  normal  equations  in  the  usual  manner 


~1  k2  k3  k4  Absolute  Column 


1 

4 

2 

2 

0 

CO 

CVJ 

1 

0 

2 

4 

0 

-.02 

CVJ! 

1 

3 

2 

0 

4 

+.01 

-3.3 

4 

0 

-.02 

+.01 

+36.0369  = 

+4.11 
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the  lengths  and  azimuths  between  quadrilateral  stations  ABC  and  D  and  the 
Xi  coordinates  of  the  four  stations  are 
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Station  Length  Azimuth 


/  if  .i. _ \ 

«  1 

u 

IT 

AD 

7.22566 

359  39 

51.26 

BA 

6.61150 

89  52 

58.85 

CB 

7.25910 

179  46 

20.71 

DC 

6.59770* 

270  00 

00.00 

AC 

9.81518 

317  25 

04.70 

DB 

9.77521 

222  15 

17.94 

Station 

X 

(Meters) 

y 

(Meters) 

A 

92.7745 

100.0425 

B 

92.7610 

95.4510 

C 

100.0000 

95.4025 

D 

100.0000"" 

100.0000"" 

* 

** 

measured 

assumed 

Part  Bj  Adjustment  of  the  four  directions  to  a  control  point . 

As  an  example  control  point  No.  9  of  3rd  March  quadrilateral  will  be  adjusted. 
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Because  of  the  errors  in  directions  k-9,  B-9 ,  C-9  and  D-9>  these 
4  lines  vill  not  intersect  at  a  common  point  and  must  therefore  be 
adjusted.  An  adjustment  will  be  made  so  that  the  sum  of  the  squares  of 
the  corrections  to  these  4  directions  will  be  a  minimum.  The  corrections 
contributed  by  these  4  corrected  directions  to  the  XY  coordinates  of  the 
control  point  will  also  be  computed. 

The  formulas  used  in  this  adjustment  are  similar  to  the  ones  developed 
in  Reference  (3). 

T  a4- 


x,  y  ■  true  coordinates 

(x) ,  (y)  =  approximate  coordinates  (any  reasonable  value  may  be  chosen] 
however,  the  better  the  approximations  are  the  less  will  be  the  number  of 
iterations  required.  The  iterations  should  be  repeated  until  the  v' s 
become  stabilized.) 


then 


Let 


then 


Ay  —  corrections  to  the  assumed  coordinates 


x  =  (x)  +  Ax 

y  *  (y)  +  Ay 

0  =  adjusted  direction 

(0)  =  approximate  direction 

a  =  measured  direction 
v  =  correction  to  measured  direction 


0  =  a  +  v 


Using  the  classical  formula 


where  Su  =  distance  from  the  station  to  the  control  point  before  adjustment. 
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and  letting 


a 


0 

a  +  v 


Let 


A 

i 


then 


p  and  b  =  — a-(0) 

S°  S° 


(0)  +  aOflC  +  bflaf 

(0)  +  a^K  +  bdy 

a  -  (0) 


v  =  aAX  +  bAy  -  l, 


This  expression  is  the  observation  equation  for  a  direction. 


ADJUSTMENT  OF  CONTROL  POINT  NO.  9  (3  MARCH  QUADRILATERAL) 

Station  A 


Observed  Angle 

Adjusted  AZ  1 

or 

Azimuth 

Back  AZ 

BA9 

65° 

45' 

ft 

29 

AB 

269°  52' 

58"  85 

A-9 

333°  36' 

27"85 

CA9 

16 

11 

23 

AC 

317  25 

04.70 

A-9 

333  36 

27.70 

DA9 

26 

03 

25 

AD 

359  39 

51.26 

A-9 

333  36 

26.26 

Mean 

A-9 

333°  36* 

11 

27.27 

Station  B 

AB9 

36° 

W 

If 

15 

BA 

89°  52* 

58"  85 

B-9 

53°  05' 

43"85 

CB9 

53 

19 

25 

BC 

359  46 

20.71 

B-9 

53  05 

45.71 

DB9 

10 

52 

27 

BD 

42  13 

17.94 

B-9 

53  05 

44.94 

Mean 

B-9 

53°  05 

44*!  83 

Station  C 

BC9 

53° 

02' 

11 

51 

CB 

179°  46' 

11 

20.71 

C-9 

126°  43' 

29"  71 

AC  9 

-10 

4l 

34 

CA 

137  25 

04.70 

C-9 

126  43 

30.70 

DC  9 

36 

45 

31 

CD 

90  00 

00.00 

C-9 

126  43 

31.00 

Mean 

C-9 

126°  43* 

3o’.' 47 

Station  D 

AD9 

26° 

06* 

11 

59 

DA 

179°  39* 

1! 

51.26 

D-9 

205°  46' 

50"  26 

BD9 

16 

26 

28 

DB 

222  13 

17.94 

D-9 

205  46 

49.94 

CD9 

64 

13 

11 

DC 

270  00 

00.00 

D-9 

205  46 

49.00 

Mean 

D-9 

ro 

s 

0 

ON_ 

49"  73 

25 


VA 


(ya> 


^Ai  co  m 


■y\J  •  /JX  XU 


96.25239  rn 


axe  approximate  coordinates,  computed  from  baseline  AB 


B-9 


C-9 


D-9 


Ay 

2£ 


1.789950 

3.60706 


I.  S 


(<t\  -  360°  -  tan 


-1  Ay 


ax 


=  333 


.t  '• 

36  27.99 


s  =  4026 . 76mm 

a  =  333°  36  27.27 
vA  =  22.77  Ax  +  45.88  Ay  +  0.72 

n 


Ay  4.821336 

5c  '  3.620559 

(0)  =  tan'1  ^ 


1  771  /  r  r*^  I. 

-L,  ^^J-OppXH 

53Q  05'  43"  65 


s  =  6029 « 4 In™ 

_  1  H 

-  -.O  „  l.l.  O-r 

a  =  33  up  ‘t'+.o;? 

=  -27.36  Ac  +  20.54  Ay  -  1.18 

B 


Ay 

2£ 


4.850090 

3'.61848o 


*1  7I.  A7^^^fr 


X  .  ^fKJJUUU  ( 


(0)  =  l80°  -  tan'X  ^  =  126°  43*  31X3 

z-OC 


8  =  6051 • l8mm 

_ .  1  I .  tar  ~z r\  I.  r-r 

U  =  XzlD 

v  =  -27.32  Ax  -  20.38  Ay  +  0.66 


Ay 

Ax 


1.747610 

3.61848 


liflPO^TQQ 

•  ’  I  s  s 


(0)  *  180°  -  tan"1  ^  =  205°  46*  44" 60 

s  =  40l8.4Ctam 
a  =  205°  46'  49.73 

vD  =  22.32  Ac  -  46.22  Ay  -  5.13 


cos  (0)  .89577209 

sin  (p)  -.44451^0^: 


COB  (0)  •60048561 
sin  (0)  .7996370 6 


r—  yM-T/-vn  /i  7/”\ 

Am  cnc7 


•  wx^xx^  ^ 


cos  10)  -.90047781 
sin  (0)  -.43490196 
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Observation  Equations 


22.77  Ax  +  45.88  Ay  +  0.72  = 

VA  = 

-O.6187 

-27.36  Ax  +  20.54  Ay  -  1.18  = 

VB  = 

-3.0385 

-27.32  Ax  -  20.38  Ay  +  0.66  = 

V  = 

c 

O.6778 

22.32  Ax  -  46.22  %  -  5.13  = 

VD  “ 

-2.2638 

£[w]  =  15.1995 


Normal  Equations 


Ax 

• OX 


Ay 

5078.50 


Av 
— */ 

«  O/* 

(  .OO 

5078.50 

(-  .02) 


5078.48 


Ax 

7 .86 

2511.61 
(-  .01) 


2511.60 


-i 


-  VJ.VJJU 


252.4542 
(  .2624) 


Cm\J  • 


(-  2.7996) 
232.7166 


•-/  •  I 

-  10.6640 
(  15.1997) 


-i 

232.4542 

-  83.8536 

(-  .3598) 

28.6633 
(-  10.6399) 

-  84.2134 
18.0234 

2.8236 
(  15.1998) 


Ay  =  - .04582mm 

H[wJ 


Ax  =  +.0335 3mm 
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m.e.  = 

+  ./ZCw] 

*  n-u 

-1-  " 

=  -  2.76 

m.e.  Ax  = 

-  2.76 
^2511.60 

=  —  .0551mm; 

X  =  (x)  +  Ax  =  96.38155  rn 

m.e.  Ay  = 

-  2.76 
/5078.48 

=  —  .0387mm; 

Y  =  (y)  +  Ay  =  98.25234  m 

A  complete  tabulation  of  results  is  given  in  Tables  7  to  10. 


Summary 


The  frequency  of  pit  calibrations  depends  on  whether  or  not  the 
relative  changes  in  the  positions  of  the  control  points  are  large  enough  to 
affect  the  camera  orientations.  However,  the  care  with  which  a  pit  cali¬ 
bration  is  made  is  the  controlling  factor.  Table  11  shows  the  results  of 
RC-7  camera  orientations  using  coordinates  of  a  recent  pit  calibration 
(6  May)  as  opposed  to  a  pit  calibration  made  several  months  earlier  (3  March). 
It  is  noted  that  the  smaller  mean  errors  for  the  RC-7  camera  orientation 
result  when  using  the  coordinates  obtained  from  the  older  calibration 
(4.9  4  8.7  and  5«9  4.8.4).  The  residual  errors  for  each  control  point  sire 
plotted  in  Fig .  6  for  the  7  May  orientations .  The  solid  emd  broken  arrows 
indicate  the  errors  in  the  plate  measurements  resulting  from  the  errors 
in  the  3  March  and  6  May  pit  calibrations. 


Results  of  numerous  pit  calibrations  indicated  that  the  positions  of 
the  25  control  points  could  be  determined  within  0.2mm,  with  a  somewhat 
better  value  for  the  two  points  used  to  establish  the  gun  center-line. 
Quadrilateral  observations  with  mean  errors  of  a  single  angle  less  than  2 
seconds  of  arc  and  control  point  observations  with  mean  errors  of  a  single 
direction  less  than  5  seconds  of  arc  will  assure  this  0.2mm  accuracy.  A 
normal  amount  of  care  while  making  the  field  observations  will  produce 
results  within  these  limits.  It  is  important  that  both  the  quadrilateral 
and  control  point  observations  are  within  these  limits  since  a  relaxation 
of  either  one  directly  affects  the  final  control  point  coordinates. 
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- —  7  .MAY  MISSION  USING  3  MARCH  PIT  CALIBRATION 

- 7  MAY  MISSION  USING  6  MAY  PIT  CALIBRATION 


n  o  a  £  o  in 

V/  &  T  V  U  IV 

SCALE'  MICRONS 


FIG.  6-  RESIDUAL  ERRORS  OF  RC-7  ORIENTATIONS  OVER  CALIBRATION  PIT 
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3.  RC-7  CAMERA 

(Airborne  Photogrammetric  Camera) 


3-1  Description  and  Function 

The  Wild  RG-7  aerial  camera  (Fig .  7)#  an  automatic  plate  changing  type 
camera  desired  principally  for  mapping  purposes,  was  used  to  determine 
the  direction  ip  which  the  gun  was  pointing  at  the  moment  it  was  fired. 

Two  interchangeable  types  of  cones  were  available,  a  60°  cone  (Aviotar 

■p  /)i  o  -*-/■«  p  l  ~\  C.\  ..44-u  „  1 — t-v,  ^  P  i  Tni „  nrP  /  a  — i  ~  p/c  £- 

j.  /  ~t  » t—  x I  f  wauxi  cx  iubai  j lcii^uu  v-fx  -l  |  v  jnuii  y  anu  a.  y\j  uuuc  x  /  y  •  v-» 

to  f/l6)  with  a  focal  length  of  100mm.  The  plate  size  is  15  x  15cm  with  a 
field  of  14  x  l4cm.  All  missions  were  run  using  the  wide  angle  Aviogon  at 

flnH  vl +.h  fl  n-P  OTYnY*nv,1  mn+nl  \r  i  /i  nr>  ao^rinrl  fPVia  omul  aH  An 

—  /  ^  - —  "  *  w  ^  . . . . 


XMW  Wli*V4  I  M  4.VAA 


type  used  was  Eastman  Kodak  spectroscopic  103F.  A  specially  designed  lens 
was  temporarily  attached  to  the  RC-7  camera  to  accommodate  the  short  distances 
encountered  when  photographing  the  control  points  in  the  calibration  pit. 
Distortion  corrections  for  this  lens  were  taken  into  account  for  the  RC-7 
camera  pit  orientations. 


During  the  calibration ,  when  the  aircraft  was  positioned  over  the 
calibration  pit,  a  gun  rod  was  temporarily  inserted  into  the  gun  barrel 
and  its  direction  was  then  determined  by  theodolite  observations  on  the  two 


A AV\ 4- 1  TkA<  r>+  a  mAMVt4-Ai?  Av» 
WWUVl  V-i  J^tfXUUO  lUUUli  ucu.  uu 


1U4  «  4-4 _ _  4-v*_  nn  rr 

JL/UX  XI1£  UI1X  O  bllUC  IUC  X\U“( 


camera  orientation  was  determined  by  photographing  the  25  control  points 
in  the  calibration  pit  (Fig.  4).  The  relation  between  the  direction  of  the 
gun  and  the  orientation  of  RC-7  camera  obtained  in  the  calibration,  is 
assumed  to  remain  constant  during  a  mission.  The  direction  of  the  gun  at 
the  moment  of  firing  can  then  be  determined  from  the  orientation  of  the 
camera  obtained  from  the  photographed  range  control  points  (Fig.  8). 


3.2  Comparator  Code 


All  RC-7  plate  measurements  were  corrected  by  a  code,  referred  to  as 
Comparator  code,  which  was  programmed  for  the  ORDVAC  computer.  Included  in 
this  code  are  means  to 


(a)  correct  any  systematic  comparator  errors 
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31 


1  1  I  1 1 

0  1200  2400  3600 

SCALE:  METERS 


FIG.  8- RANGE  CONTROL  POINTS 


(b)  form  arithmetic  averages  for  multiple  settings  and  if  desired 


nAmmt+o  uro-l  rrVi-V  fon+nro  -Pr»r\T¥i  /H  pq  Tvr**=t  np>rvV  -f  n  #afir»Vi 

UW1U^/UUV>  IIWA^U  V  Jk  MV  W*  *-»  A*  WU*  V**w  ■*.  WM.AM.VM*  Vt^WMW^VW  j|»*  WMW*  W  ***  V— W».  *>W  W 


of  measurements. 

(c)  reduce  all  plate  measurements  to  an  origin  as  defined  by  the 
intersection  of  two  lines  Joining  the  two  pairs  of  opposite  fiducial  marks, 

(d)  rotate  the  comparator  system  until  it  is  parallel  to  any  chosen 
set  of  fiducial  marks. 

(e)  shift,  if  x  and  y_  are  known,  the  origin  to  the  principal  point. 

-  p  -p  -  " 

(f)  apply  lens  distortion  corrections. 


The  distortion  curve  used  for  RC-7  reductions  over  the  range  is 

A  =  +  .00020072 55 3r  -  .0229l6862r5  -  17.634933r5  +  2320.3473r7 


Distortion  is  positive  from  the  center  of  the  plate  outward. 


T&blc  12  givss  s.  tabulati  ou  of  ths  compfirstoi*  cols  input  snd.  output 
values  for  the  RC-7  camera  over  the  range  for  21  March  M2/P1. 
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RC-7  camera  orientation  reductions  were  made  using  equal  weights  for 

both  the  plate  measurements  and  the  control  points.  Equal  weighting  is 

justified  if  we  assume  the  mean  error  of  a  single  plate  measurement  to  be 

—  5«0  microns  and  the  positions  of  the  control  points  in  the  calibration  pit 

■|* 

and  range  known  to  —  0.25mm  and  —  50 • 0cm  respectively.  The  following 
tabulation  (Tables  13  and  l4)  gives  the  output  from  the  camera  orientation 
codes  of  the  RC-7  camera  over  the  calibration  pit  and  the  Range.  These 
results  show  the  residuals  of  the  plate  measurements  and  control  points  as 

A  M  A  V  A  mU  Am  A  wH  M 

uuuaixicu  uy  c^uax  wcx^ubxu^# 

3.3.1  RC-7  Camera  Orientation  Elements 


The  analytical  treatment  of  the  orientation  of  a  photogramme trie 
camera  which  has  been  applied  in  the  present  report  is  given  in  detail  in 
an  earlier  report.'  ' 
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The  orientation  parameters  a,  u>,  *  ,  obtained  from  the  RC-7  camera 
records  in  flights  over  the  Range,  are  required  to  determine  the  gun 
direction.  These  orientation  elements  may  be  determined  by  enforcing  and 
computing  different  combinations  of  the  remaining  six  elements  of  orien¬ 
tation.  It  is  necessary,  if  vertical  photography  is  being  reduced,  to 
enforce  ZQ,  if  c  is  to  be  computed.  If  xp  and  y^  are  to  be  computed, 

XQ  and  Yq,  respectively,  must  be  enforced. 

RC-7  camera  orientations  over  the  range  were  first  determined  by 
enforcing  c,  x^,  and  y  and  computing  a,  co,  K  ,XQ,  Yq  and  Zq  (for  results 
of  these  orientations  see  Table  15) .  Later,  when  the  Askania  reductions 
were  made,  a  systematic  discrepancy  was  noted  between  the  position  of  the 
RC-7  camera  as  determined  by  the  above  described  method,  and  the  position 
of  the  RC-7  camera  as  determined  by  the  two  ground-based  Askania  cameras, 
which  triangulate  the  RC-7  position  using  stars  as  control  points.  A 
discussion  of  this  discrepancy  is  given  in  section  5 A  of  this  report. 
Because  the  three  elements  of  interior  orientation  of  the  Askania  cameras 
are  determined  simultaneously  with  the  triangulation  results,  it  was  decided 
that  the  RC-7  camera  orientations  should  be  determined  by  enforcing  the 

three  coordinates  X  Y  Z  as  triangulated  by  the  two  Askania  cameras. 

O  0.0 

Thus  the  remaining  six  elements  c,  xp,  y  ,  a ,  co  and  k  were  computed 
(Table  16). 

Little  difference  exists  between  the  final  values  of  a,  to,  k  ,  in 
Tables  15  and  16,  regardless  of  what  orientation  elements  are  enforced  or 
computed  and  either  set  of  results  could  be  used  to  satisfy  the  requirements 
for  the  gun  direction.  Table  17  is  a  tabulation  of  RC-7  orientation  results 
over  the  calibration  pit. 

3.3.2  The  orientation  elements  of  the  RC-7  camera  comprise  the  elements 
of  interior  and  of  exterior  orientation. 

(a)  The  three  elements  of  interior  orientation  are 

c,  the  principal  distance  of  the  RC-7  camera,  taken  as  the  value 
given  by  the  manufacturer. 
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and  y^,  the  coordinates  of  the  principal  point,  taken  as 
the  intersection  of  the  two  lines  between  opposite  pairs  of  fiducial 


marks,  consequently  x  =  0  and  y  =0. 

P  P 


The  elements  of  interior  orientation  should  be  determined  by  making 
an  RC-7  cone  calibration,  taking  star  photographs.  Such  calibrations 
were  not  made  for  this  project.  Possible  errors  thus  introduced  into 
the  elements  of  exterior  orientation  are  discussed  later  in  this  report. 


(b)  The  six  elements  of  exterior  orientation  are 


a,  (0,  k  ,  the  three  rotational  elements  which  uniat  be  computed. 
Xq,  Yq,  Zq,  the  coordinates  of  the  camera  center  of  projection. 

3.4  RC-7  aricL  Askania  Comparisons 

The  three  orientation  elements  (X  Y  Z  )  for  the  RC-7  camera  can  be 

■  o  o  o 

determined  by  two  independent  methods 

(1)  Method  of  resection,  by  use  of  the  RC-7  camera^*  ^ 

(2)  Method  of  triangulation,  by  use  of  the  two  Askania  photothe¬ 
odolites 


The  two  methods  should  produce  compatible  results.  Table  18  is  a  tabulation 
of  results  from  several  missions  showing  differences  obtained  by  the  two 
methods.  The  two  values  tabulated  in  columns  (l)  and  (2)  cure  the  differences 
in  the  X  and  Y  coordinates .  The  four  values  tabulated  in  columns  ( 5) , 

(4),  (5)  and  (6)  are  differences  in  height.  Column  (3)  shows  the  difference 
between  the  two  methods  before  refraction  corrections  are  made,  column  (4) 
shows  the  refraction  correction,  to  be  applied  to  the  ground-based  Askania 
cameras,  column  (5)  shows  the  average  refraction  correction,  to  be  applied 
to  the  airborne  RC-7  camera,  and  column  (6)  shows  the  remaining  difference 
in  height  as  obtained  by  the  two  methods. 
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These  differences  could  be  attributed  to: 

(1)  Errors  in  the  absolute  positions  of  the  two  Askania  cameras. 

(2)  Errors  in  the  absolute  positions  of  the  range  targets,  which 
were  used  to  establish  the  RC-7  camera  orientations. 

(3)  Errors  in  the  plate  measurements.  Check  runs  (Table  l8),  were 
made  by  remeasuring  the  Askania  and  RC-7  camera  plates  and  computing  the 
XYZ  coordinates  from  this  new  set  of  plate  measurements.  The  differences 
between  the  two  sets  of  results,  which  are  due  to  errors  in  the  plate 
measurements,  indicate  the  reproducibility  of  the  Askania  and  RC-7  com¬ 
parisons.  These  results  indicate  that  the  errors  in  measuring  the  Askania 
and  RC-7  camera  plates  produce  differences  in  the  X  and  Y  coordinates  of 
approximately  two  meters  and  differences  in  the  Z  coordinates  of  approxi¬ 
mately  one  meter,  corresponding  to  residuals  in  terms  of  the  plate  measure¬ 
ments  of  seven  microns. 

Table  15  is  a  tabulation  of  RC-7  camera  orientation  results  for 
runs  taken  over  the  Range.  These  results  were  obtained  by  enforcing  elements 
c ,  x  ,  y  and  computing  elements  a,  <o,  k  ,  X  ,  Y  ,  Z  .  The  average  mean 

jp  jj/  o  o  o 

error  of  the  plate  measurements  for  the  RC-7  camera  over  the  Range  is 

approximately  -  2.1  microns.  The  mean  errors  for  the  X  Y  and  Z  orien- 

o  o  o 

tation  elements  are  seen  to  be  well  within  the  2.0  and  1.0  m  differences 
that  were  obtained  by  the  check  runs. 

(4)  Errors  in  the  interior  elements  of  orientation  of  the  RC-7  camera 
Reference  (5).  These  are  to  be  expected  because  the  RC-7  camera  was  not 
calibrated. 

(a)  Errors  in  the  values  of  x  and  y  directly  affect  X  and  Y  * 

p  p  oo 

An  average  error  in  XQ  and  Yq  of  approximately  5*0  ra  (Table  l8) ,  would  be 
explained  by  an  error  in  x^  and  y^  of  50  microns. 

The  actual  differences  between  and  Ay  values,  as  can  be  seen 
from  Table  l8,  have  a  range  of  approximately  12  m.  This  range  of  values 
is  probably  due  to  different  positions  occupied  by  the  RC-7  plates  when 
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pressed  onto  the  frame  of  the  lens  cone.  This  lack  of  exact  positioning 
seems  to  be  demonstrated  by  missions  flown  on  the  10th  and  11th  of  April 
(Table  18),  when  two  consecutive  photographs  were  taken  during  one  pass. 
Disregarding  the  errors  involved  in  the  plate  measurements,  the  differences 
between  the  AC's  and  Ay's,  regardless  of  their  numerical  values  should 
agree,  because  only  another  RC-7  plate  was  introduced  into  the  system.  The 


fact  that  they  disagree  by  amounts  up  to  5*0  ®  can  only  be  explained  by  the 
failure  of  the  plates  to  occupy  identical  positions  when  pressed  onto  the 
frame  of  the  lens  cone. 

(b)  Errors  in  the  focal  length  of  the  RC-7  camera  directly 

affect  Z  .  Final  differences  between  the  two  methods  are  tabulated  in 
0  4 

.  m^V  1  A  1  fl  (TVU  /Nn/N  J-l  -PPnvmvvA/\n  /  nun  if  rt  A  v\  fl  4- n  vi  +  n  mAi  4  v\  rt 
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to  approximately  three  meters. 

3.5  Refraction 

Refraction  corrections  were  made  using  formulas  based  on  the  assumption 

^  ~  (7) 

of  a  flat  earth  and  NACA  standard-atuiuSphej-e  data.  The  fOxwUlas  used  are 
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Refraction  corrections  should  be  applied  simultaneously  with  the 
triangulation  computations.  The  corresponding  rigorous  treatment  is 
developed  in  another  report. The  presented  results  differ  insignificantly 
from  the  rigorous  approach. 

In  the  case  of  the  Askania  results  the  lack  of  intersection  between 
corresponding  rays  includes  refraction  influences.  These  discrepancies 
were  adjusted  by  a  least  squares  solution  as  though  they  were  caused  only 
by  measuring  errors.  The  refraction  corrections  were  then  computed  for 
each  of  the  two  Askanias;  designated  Pi  C  and  Pi  D,  in  columns  (1)  and  (2), 
Table  19.  The  difference  between  the  two  heights  (column  (3))  indicates 
that  a  bias  was  introduced  by  this  approximation  method.'  A  mean  value 
(column  (4))  was  used  as  the  correction  to  be  applied  to  the  triangulated 
heights . 

In  the  case  of  the  RC-7  camera,  a  refractive  height  correction  was 
computed  as  an  average  value  obtained  for  the  different  range  targets  from 
several,  missions. 

3.6  Reduction  of  Gun  Direction 

The  direction  of  the  gun  axis  at  the  moment  the  gun  is  fired  was 
determined  by  the  following  method,  which  was  coded  for  the  ORDVAC*. 

(a)  The  orientation  of  the  RC-7  camera  over  the  calibration  pit  is 
determined  using  an  arbitrary  +X  direction  for  the  plate  coordinates  system 
(3.2(d)).  The  same  +X  direction  must  be  chosen  for  RC-7  plates  taken  over 
the  range.  This  is  necessary  since  any  difference  with  respect  to  the 
orientation  of  the  plate  coordinate  system  during  the  process  of  measuring 
the  plates  would  lead  to  a  difference  in  the  orientation  element  k  ,  and 
influence  the  gun  direction. 


As  input,  the  coordinate  differences  of  the  two  control  points  on  the  gun 
rod  and  the  elements  of  orientation  from  the  RC-7  camera  reductions,  as 


uutaiucu  uyci 


i/uc  tan  uia  oiuu  pn 
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(b)  From  the  results  of  the  calibration  pit  survey,  the  differences 
in  the  XYZ  coordinates  of  the  two  control  points  simulating  the  gun  axis 
are  computed  (Fig.  9)  where  0  and  R  are  the  upper  and  lower  control  points 
respectively. 


(X)H  -  (X*  -  xo) 


(v\  s  ( v 
v  'R  v  *R 


v  'l 
‘o' 


a) 


(Z)B  -  (Zj,  -  Z„> 

(c)  Shifting  the  direction  of  the  gun  parallel  to  itself,  into  the 

center  of  projection  of  the  RC-7  camera  as  obtained  over  the  calibration 

pit,  a  set  of  pseudo  plate  coordinates  x  and  y  are  computed  by  means  of 

6  fi 


formula  (12)  of  Reference  (8). 


(2) 


(d)  The  orientation  of  the  RC-7  camera  over  the  range  is  determined 
using  the  same  X  direction  for  the  plate  coordinate  system  as  described 
in  3.6(a) . 


(e)  Using  the  set  of  pseudo  plate  coordinates  x  and  y  from  3.6(c) 

&  s 

and  the  RC-7  camera  orientation  over  the  range  from  3.6(d)  standard 
coordinates  5  and  rj  are  computed  by  means  of  formula  (11)  of  Reference  (8) 
and  Fig.  9>  this  report. 

(f)  From  the  computed  values  of  C  and  ij  the  direction  of  the  gun 
over  the  range  is  determined  by  the  following  formulas: 


Ox- 


tan  A 


tan  v 


tan  a  =  —  =  tan  v  cos  A 
r 


(5) 

(6) 


t.firi  m  = 


(r  +  n 


tan  A  sin  (X 


where  r  *  +1  or  -1,  depending  on  geometry. 


(7) 
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FIG.  9 

iff) 


3.7  An  example  of  the  computations,  determining  the  gun  direction  for  the 
21  March  M1/P2  firing  follows; 

(a)  The  orientation  elements  for  the  RC-7  camera  over  the  calibration 
pit  are  (Table  17) 


c 

.10055  m 

X 

a 

0  m 

p 

J 

s 

0  m 

p 

a 

m 

198.051  grads 

CD 

as 

-  .045  grads 

K 

« 

-  49*459  grads 

(b)  Using  formula  (1)  and  referring  to  Table  6 
(X)_  =  +  .OI78  m 


(Y)s 
'  'R 


-  .0007  m 

-  .8521  m 


(c)  From  formulas  (12)  and  (13)  of  reference  (8)  the  pseudo  plate 
coordinates  are 


y„ 
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c  |  (XLA,  +  (Y)J3,  +  (ZLe,  I 

»-  n  x  n  x  x\ 

n 

c  [(X)rA,  +  (Y)„B0  +  (ZLC.1 


+  x^  -  -  .0007058 

P 

+  .0006774 


+  y. 


p 


where  q.  -  (X)pD  +  (Y)_E  +  (Z)pF  -  +  .85224589, 


and 


B, 


V 

C2- 

B 

E 

F 


-  cos  a  cos  k  +  sin  a  sin  to  sin  k  »  +  .7129915 

-  cos  to  sin  k  **  +  .7008482 

sin  Q  cos  k  +  005  •  Q!  sin  m  sin  *  ■  +  ,0213392 

-  cos  a  sin  k  -  sin  a  sin  to  CoS  Km-  .7005044 

008  <0  OOP  K  m  +  .7133103 

sin  a  sin  k  -  cos  a  sin  to  cos  k  ■  +  .0219570 

Sin  u  COS  tii  *  +  .C306l00 

sin  to  *•  -  .OOO7069 

cos  a  cos  to  «  -  .9995512 


where  A;  to  F  are  essentially  dirsc  uloii  cosines  . 


(d)  The  orientation  elements  for  the  RC-7  camera  over  the  range  are 
(Table  16) 


c  =  .10059^  m 

x  =  .000100  m 

P 

y  *=  +  .000097  m 
a  =  197.819  grads 

o>  =  -159  grads 

k  *  53*159  grads 
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id  (13)  of  reference  (8)  the  standard  coordinates 
of  5  and  t)  corresponding  to  the  range  coordinate  system  are 
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where  Q  =  (x  -  x  )  C.  +  (y  -  y  )Cp  +  cF  =  “.IOO56517  and  r  =  -  1,  and 
8  P  8  P  ^ 

from  5.7(c) 


A1 

*»  +  .6708327 

Ag  =  -  .  |  twJ.  1  > 

•n 

u 

=  +  .0342523 

-  +.7413074 

Bp  =  +.6711610 
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*  +  .0211385 

c2  =  -  .0270670 

F 

«  -  .9994101 

(f) 

Using  the  computed  values  of  |  and  tj. 

the 

direction  of  the  gun 

at  the  moment  of  firing,  referred  to  the  range  coordinate  system,  is  given 
by  (3.6(f)) 

tan  A  -  -  .1191089 

A  “  t  392.453  grads 

tan  v  *  -  .0261294 

v  =»  +  19®  .337  grads 
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or 

tan  cc  =  -  .0259460 

a  =  +  198.549  grads 

tan  <u  =  .0030894 

a)  =  +  399*803  grads 

The  results  of  the  hand  computed  example  above  may  differ  slightly  from 
the  results  obtained  from  the  electronic  computer  because  of  the  smaller 
number  of  digits  carried.  The  results  of  all  firings  are  shown  in  Table  20 
and  also  in  Table  27. 

3.8  Accuracy  of  Gun  Center  Line  at  the  Moment  of  Firing 

Factors  affecting  the  accuracy  with  which  the  gun  direction  at  the 
moment  of  firing  can  be  determined  are 

(a)  maintaining  relationship  between  gun  barrel  and  RC-7  camera 

(b)  measuring  direction  of  gun  over  calibration  pit 

(c)  determining  the  direction  of  RC-7  over  the  calibration  pit 

(d)  determining  the  direction  of  RC-7  over  the  range 

(a)  A  post-calibration  was  attempted  for  the  purpose  of  determining 
any  relative  differences  between  the  gun  center  line  and  RC-7  camera  before 
and  after  a  mission.  However,  because  of  movements  in  the  aircraft 
probably  due  to  heat  caused  by  its  operation,  pointings  with  the  T-2  theodo¬ 
lites  could  not  be  made  on  the  gun  rod.  If  a  check  on  this  relationship 

is  desired,  the  theodolites  could  be  replaced  by  phototheodolites,  for 
example  the  Wild  Phototheodolite,  which  is  a  combination  of  a  T-2  theodo¬ 
lite  and  camera  carrier.  Records  could  then  be  obtained  by  exposures 
taken  simultaneously  with  the  phototheodolites  and  the  RC-7  camera, 

(b)  The  error  in  the  direction  of  the  gun  over  the  calibration  pit 
is  a  result  of  errors  in  the  X  and  Y  coordinates  of  control  points  Nos.  2 6 
and  27,  which  in  turn  are  due  to  errors  in  the  horizontal  angles  turned 
from  stations  A  and  D. 
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According  to  the  method  in  2.4(c)  part  B ,  a  set  of  observational 
equations  and  corresponding  normal  equations  can  be  established  for  the 
Intersection  of  points  Nos.  26  and  27. 

The  diagonal  terms  of  the  inverse  of  the  resulting  normal  equation 
system,  denoted  by  and  give  the  weighting  factors  for  the  x  and  y 
coordinates,  and  their  mean  errors  are  obtained  by 

m  =  m  ,/Q 

x  x 

m  =  m  i/q” 

y  v  y 

where  m  denotes  the  mean  error  of  a  single  observation  of  unit  weight 

Applying  this  method  to  the  intersection  of  point  No.  26,  we  have 

Coordinates  X  X 

Station  A  92.8  100.0 

Station  D  100.0  100.0 

Approx,  values  for 

Point  No.  26  97.4  96.7 

The  observational  equations  are 

(1)  21,250  eg  ■+•  29,600  u Sjf  = 

(2)  38,600  £g  -  30,400  =  i2 

and  the  inverse  of  the  corresponding  normal  equations  is 
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my  «  -  0.047mm 
m  *  —  0. 049mm 
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Where  m  was  assumed  to  be  —  2”  of  arc . 
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Control  point  No.  2”  is  approximately  below  point  No.  26  j  therefore , 
the  mean  errors  for  control  points  Nos.  26  and  27  will  be  the  same.  Com¬ 
bining  the  mean  errors  of  control  points  Nos.  26  and  27,  the  mean  error  of 


the 


direction  of  the  gun  in  the  X  direction  is 


,2  2  .1/2 

*26  27 


II  _  .066  II  ./'ll 
p  ■  -7*5  p  -  16 


and  in  the  Y  direction 

,2  2  .1/2 
(m,.  +  m ,  )  ' 

T 


'%6  '  ^27 


.11  .069  _n  mil 

P  “552  P  =  Xf 


where  d  *  O.852  meters,  the  distance  between  control  points  Nos.  2o  and  27. 

(e)  The  average  error  in  the  direction  of  the  EC =7  camera  over  the 
calibration  pit  is  (Table  17) 

a  —  .008®  —  26" y  in  the  X  direction 

o>  =  ,006s  =  19",  in  the  Y  direction 

(d)  The  average  error  in  the  direction  of  the  EC -7  camera  over  the 
range  is  (Table  16) 

a  =  .005®  =  l6",in  the  X  direction 

ai  =  .OO56  =  16",  in  the  Y  direction 

Combining  the  errors  due  to  (b),  (c)  and  (d)  the  error  of  the  gun  center 

line  in  the  X  and  Y  direction  is  expressed  with  sufficient  accuracy  by 


error  a 


error  Y 


dir  *  L<16>2  +  <26)2  +  <16)2 

dir  "  [(17)2  •+  (19)2  +  (16)2 


1/2 

1/2 


X),  tl. 
«  St 
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4.  ASKANIA  CAMERAS 
(Ground  Based  Photograrqmetric  Cameras) 

4.1  Description  and  Function 

The  Askanla  camera  (Fig.  10),  a  phototheodolite  designed  primarily  for 
the  determination  of  trajectories,  was  used  to  determine  the  following 
quantities: 

(1)  Space  coordinates  of  the  aircraft  at  the  moment  of  firing 

(2)  Space  coordinates  of  the  burst  of  the  projectile 

(3)  Velocity  of  the  aircraft 

Two  phototheodolites,  at  stations  Pi  C  and  Pi  D,  were  used. 

The  Askanla  camera  is  equipped  with  a  24u  cone,  relative  aperture 
variable  from  f/5*5  to  f/64,  a  focal  length  of  approximately  3jQm  and  a 
plate  size  of  13  x  l8cm.  All  missions  were  run  using  an  aperture  of  f/5*5 
and  Eastman  Kodak  10 3F  emulsion. 

4.2  Coordinates  of  the  Askanla  Cameras 

The  geographic  positions  of  the  two  Askanla  cameras  and  the  Range 
lights  serving  as  control  points  for  the  RC-7  camera,  were  determined  by 
survey  ties  from  United  States  Coast  and  Geodetic  Survey  triangulation 
stations.  When  reduced  to  a  rectangular  coordinate  system  the  Askanla 
camera  stations  and  the  Range  lights  are  compatible.  However,  because 
of  the  possible  systematic  orientation  error  in  the  U.S.C.  and  G.S. 
triangulation  stations,  the  flashes  as  triangulated  by  the  ground  based 
Askanla  cameras  and  the  results  obtained  by  the  RC-7  camera  may  not  be 
compatible.  A  suggested  solution  is  to  use  three  ground  based  cameras 
following  the  method  of  reduction  as  outlined  in  reference  (9). 

4.3  Coordinate  Transformation 

An  XYZ  rectangular  coordinate  system,  using  Range  station  MID  as  the 
origin,  was  set  up  for  the  Range  target  lights  and  the  two  Askanla  cameras 
as  follows^0 

o  •  " 

+  X,  increasing  in  the  direction  of  flight,  at  an  angle  of  56  56  4l 
measured  clockwise  from  the  south 
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+  Y ,  90°  clockwise  from  +  X 

+  Z,  measured  positive  upwards  from  a  plane  tangent  to  the  reference 
ellipsoid  at  station  MID 

The  values  to  be  used  in  connection  with  Reference  (10)  are 

H  =  0 

,°  ©  • 

0O  =  50  55  OI.752 

X  =  (O  -  86°  59'  59" 275 

a  =  590  24  58.268 

0  =  56°  56'  4l" 

7=0 

a  *  6,578,206.4  m 

b  =  6,556,585.8  m 

A  tabulation  of  input  (0,  X,  H)  and  output  (XYZ)  is  given  in  Tables 

21  and  22. 

4.4  Askania  Camera  Orientations.^^ 

The  absolute  orientations  of  the  Askania  cameras  were  obtained  by 
using  stars  as  control  points  (Fig.  11). 


These  control  points  are  given  in  the  form  of  Standard  Coordinates 
(§  n),  which  are  obtained  from  their  apparent  positions  (RA,  6)  at  the  mean 
time  of  the  observation  by  the  equations  on  page  15,  Reference  (9): 

+  6  (north)  =  -  tan  z  cos  A 

T 

+  T)  (east)  =  -  tan  z^  sin  A 

+  Z  =  +1.0  (unit) 


where,  from  the  astronomical  triangle. 


cos  z  - 
sin  z  cos  A  = 
sin  z  sin  A  = 
z  = 
0  " 


sin  6  sin  0  +  cos  &  cos  0  cos  t 
-  sin  5  cos  0  +  cos  8  sin  0  cos  t 
cos  8  sin  t 

zenith  distance  of  the  star 
geographic  latitude  of  the  camera  station 
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The  stars  are  marked  by  Oval  shaped  circles,  "the  flashes  emitted  from  "the  aircraft, 
during  the  mission  by  the  large  oval  shaped  figure,  and  the  projectile  burst  is 
marked  by  a  small  circle.  The  small  circle  inside  the  large  oval  shaped  figure 
contains  the  RC-7  flash  that  occurs  near  the  time  at  which  the  gun  was  fired. 


UQ 

■  x 


6  =  declination  of  the  star 
t  =  hour  angle  of  the  star 
A  =  azimuth  of  the  star,  measured  clockwise 
from  south 

and  subscript  r  indicates  that  the  zenith  distance  has  been  corrected  for 
astronomical  refraction. 

The  nine  orientation  elements  of  each  Askania  camera  are  similar  to 

the  ones  described  under  the  RC-7  camera  orientation  elements,  the  three 

coordinates  of  the  Askania  camera  center  of  projection  (X  Y  Zj  are  the 

o  o  o 

center  of  the  unit  sphere  and  the  remaining  six  orientation  elements  (a,  to, 

K,  c,  x  ,  y  )  ere  computed. 

P  P 

The  number  of  absolute  control  points  ( stars)  required  for  a  unique 
solution  is  three,  however,  in  most  cases  from  8  to  15  stars  were  chosen. 
Tables  23  and  24  give  tabulations  of  the  number  of  stars  used,  the  six 
computed  orientation  elements  and  the  corresponding  mean  errors  for  the 
Askania  camera  orientation  reductions. 

4.5  Triangulation  of  Flashes  euad  Burst 

(a)  The  two  Askania  cameras  were  located  at  the  ends  of  an  11-km 
baseline  which  was  approximately  perpendicular  to  the  direction  of  flight 
of  the  aircraft.  The  cameras  were  pointed  approximately  30  degrees  down- 
range  from  each  other  and  at  elevation  angles  of  approximately  5 8  degrees. 

As  the  aircraft  flew  between  the  two  Askanias,  a  pre-established  sequence 
of  flashes  was  emitted  consisting  of  10  pre-survey  flashes  (Nos.  1  to  10), 
an  RC-7  flash  (No.  11),  a  reset  flash  (No.  12)  and  10  post-survey  flashes 
(Nos.  13  to  22).  The  10  post-survey  flashes  served  as  the  pre-survey 
flashes  for  the  next  rouhd  fired. 

The  flashes  and  burst  were  observed  by  photoelectric  cells  and  recorded 
on  the  ground  against  a  time  base.  In  most  cases  flash  No.  11  was  the  first 
flash  to  be  picked  up.  Table  25  gives  a  tabulation  of  actual  times  referred 
to  an  arbitrary  zero  time. 


50 


Because  of  the  extreme  brightness  of  the  burst,  a  large  image 
appeared  on  the  plate.  In  order  to  increase  the  accuracy  of  identifying 
the  center  of  the  burst  a  diffraction  effect  was  produced  by  placing  a 
fine  mesh  screen  in  front  of  the  Askania  lens.  Accurate  settings  could 
then  be  made  by  using  the  resulting  cross-shaped  pattern  (Fig.  H). 

(b)  A  computed  example  of  the  triangulation  of  the  RC-7  flash  from 
Pi  C  and  Pi  D  Askania  cameras  for  7  May  Ml/Pl  follows. 

The  absolute  orientation  of  each  camera  is  obtained  from  stars  photo¬ 
graphed  on  the  same  plate  with  the  flash  points  (Fig.  11).  The  direction  of 
each  individual  flash  point  can  therefore  be  determined  and  triangulation 
can  proceed  according  to  the  methods  outlined  in  Reference  (6). 

The  length  of  the  base  line  (about  11,000  m)  necessitates  the  use  of 
either  a  spherical  or  ellipsoidal  rectangular  system  when  triangulating  the 
flashes  since  the  absolute  orientation  of  each  camera  refers  to  the  local 
zenith.  Both  of  these  methods  are  somewhat  longer  than  the  simpler  solution 
in  the  Cartesian  system  used  later  for  the  velocity  cameras.  It  is,  however, 
possible  to  apply  a  transformation  to  the  constants  A^,  B^,  C^,  A^>  B^,  C 
D^,  E^,  which  will  enable  the  triangulation  to  be  carried  out  in  the 
Cartesian  system. 

In  Appendix  C  Reference  (11),  it  is  pointed  out  that  the  nine  constants 
derived  from  the  orientation  are  actually  the  direction  cosines  of  one 
orthogonal  system  with  respect  to  another.  More  precisely,  these  are  the 

direction  cosines  of  the  1  -  x  ,  1  -  y  ,  coordinate  system  with  respect 

^  p  y  p 

to  an  XYZ  system  in  which  the  X-axis  is  positive  toward  the  north,  the  Y-axis 
is  positive  toward  the  east  and  the  Z-axis  is  positive  in  the  direction 
away  from  the  center  of  the  earth.  It  is  therefore  possible  to  make  a  trans¬ 
formation  of  the  coordinates  of  one  camera  to  a  system  parallel  with  the 
system  of  the  second  camera. 

A  local  Cartesian  system  was  set  up,  see  (4.3),  in  which  the  coordinates 
of  the  flash  point  are  to  be  expressed.  Hence,  a  transformation  may  be  set 
up  for  each  station  by  which  the  orientation  elements  of  the  two  Askanias 
are  reduced  to  the  local  Cartesian  system.  This  transformation  may  be  con¬ 
veniently  written  by  means  of  the  method  outlined  in  Sec.  6  of  Reference  (11). 
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Pi  0  — , 

Pi  D  _ 

.86118468  0  -.50829218 

.86045243  0  -.50953077 

= 

010 

.50829218  0  .86118468 

0  10 

=50953077  0  .86043243 

_  - 

—  m 

If  l±  =  ni  V±  x,  we  have: 


Pi  C 

Pi  D 

~ .  99999974  .  00039795  - • OOO58761 

.99999961  -.00015639 

.00085114 

-.00039756  .99999970  .00067357 

.00015661  .99999995 

-.00026448 

.00058787  -.00067333  .99999960 

- . 00085110  . 00026461 

.99999959 

Let  A  be  the  transformation  due  to  the  rotation  of  the  XY -plane  in 
azimuth ,  Then 


cos  A 

sin  A 

o' 

~  .54544791 

-.83814472 

0"^ 

-  sin  A 

cos  A 

0 

= 

.83814472 

-.54544791 

0 

0 

0 

1_ 

_  0 

0 

1_ 

And  finally  the  complete  transformation  A  P  is: 

Pi  C  Pi  D  __ 

-.54517896  -.85805938  -.00024258 
.83805897  -.54557896  .00085764 
-.00085110  .00026461  .99999959 


The  following  values  of  a,  co,  *  ,  c,  xn,  yn  were  derived  from  the 

P  P 

orientations  of  the  2  cameras  (Tables  23  and  24): 


Pi  C 

Pi  D 

«• 

a  ■ 

24.373781  grad 

ro 

Hc> 

* 

11"  05 

-41.756238  grad 

1 

0 

* 

50.21 

m  * 

-35.260531  " 

-31  44 

04.12 

4.9600658  " 

4  27 

50.61 

K  m 

-57.607548  " 

-51  50 

48.46 

194.39757 

174  57 

27.48 

C  - 

.37050712  m 

.37035596  m 

X  « 

■n 

.16663650  " 

.07960646  " 

yp- 

.19510634  " 

.09748358  " 

-.54511456  -.83836153  -.00024404 
.83836135  -.545H421  -.00085990 
.OOO58787  -.00067333  .99999960 
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It  is  now  convenient  to  write  the  constants  A^,  B^,  C^,  Ag»  B^,  Cg> 
1'  "1'  "1 

“  D‘ 


D, ,  E, ,  F,  in  the  form  of  a  3  x  3  matrix  as  follows 


B, 


B. 


E. 


For  the  two  stations,  these  constants  computed  by  means  of  formulas 
(9)>  p.  11  of  Reference  (12)  are 


Pi  C  _ 

A1852302  .85081668  .31772545 
.66879650  .52540705  -.52598353 
.61445075  .00764255  .78891816 


__  Pi  D  _ 

.78525690  -.11693962  -.60802691 
-.O876257I  -.99310808  .07783372 

.61293828  .00784068  .79OO9189 


The  direction  cosines  or  above  constants  are  now  referred  to  the  local 
coordinate  system  by  multiplying  the  above  matrices  by  the  appropriate  AP 
matrix.  The  resulting  sets  of  constants  are 

Pi  C  Pi  D 


-.23270022 

-.90427548 

.26757506 

-.35513278 

.89608144 

.26630575 

-.71597237 

.42687840 

.55241144 

.70642401 

.44382330 

-.55134923 

.61375415 

.00778894 

.78945879 

.61224651 

.00767742 

.79062965 

A  convenient  check  on  the  numerical  work  is  furnished  by  the  relations 
associated  with  the  direction  cosines  of  three  mutually  perpendicular  lines. 
Thus,  the  sums  of  the  squares  of  the  element?  in  any  row  or  column- must  be 
equal  to  one,  and  the  sums  of  the  products  of  the  corresponding  elements  of 
any  two  rows  or  column’s  must  be  equal  to  zero. 

The  direction  of  the  ray  from  the  camera  to  a  flash  point  may  be  found 
using  formulas  (11)  of  Reference  (12)  to  compute  the  standard  coordinates 


i 
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u 

w 

V 
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The  azimuth  angle  K,  measured  from  the  positive  X-axi's  in  a  clockwise 

rHrpntlnn  1ft  crlvpn  "hv 

- - - - o  —  - - 

tan  K  =  ^ 

5 

The  elevation  angle  e,  is  given  by 

/  “  o 

cot  e  =  +  xf 

For  the  RC-7  flash  we  have  the  following  values: 


PI  p  pi  n 

*  V  *  *  (U 


1 

x 

.206052 

.094452 

1 

y 

.163614 

.115106 

* 

u 

.11457501 

.ioqi46qi 
> - ^  — 

V 

.16297441 

-.18588699 

w 

.31644561 

.30203883 

X 

. 36206857 

.36136715 

y 

51501555 

C.  t  cli  )■  rs'irs 
-  .  (  KJ 

tan  K 

1.42242545 

-1.70308981 

cot  € 

.62955116 

.71369004 

K 

54°  55*  30.63 

-59°  54'  47” 65 

€ 

• _ 0  in'  _ 

5Y  40  ^o.yp 

54  2y  05.  y4 

Pi  C 


Pi  D 


X 

Y 


-1535 . 0080  -1533 . 7l4l 

-5452 ,0527  5452.1625 


Z  54.8438  40.1300 

.  o  •  " 

The  azimuth  angle  of  the  base  line  is  89  59  55*52 


The  adjustment  and  triangulation  is  made,  following  the  method  outlined 
in  Sec.  1,  of  Reference  (6).  a&  is  the  angle  at  Pi  C  and  at  Pi  D.  The 


m  n 


n  "U  XJi  <~\Hry  _ n  T  .  .  .  .  _  _ _  _  .  . 

va-LucD  uj.  a.  auu  u  ewL  c  ,uu±/t^f  unu  4.u^um-  .  dx? ?  meters  respectively.  Hence  j 


we  have  the  values 
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a  + 
a 


a 

a 

ss 

89° 

59'  35"  52  -  K_ 

=  55°  06’ 

04*:89 

“b 

= 

90 

00  24.48  +  Kp 

=  30  25 

36.85 

€ 

a 

= 

57  48 

26.95 

K 

u 

= 

54  29 

05.74 

“b 

s 

65  31 

41.72 

d 

= 

sin 

0^  tan  e&  -  sin 

a&  tan  ^  +  a 

sin  (a 
v  a 

+  %) 

sin 

a 

a 

SB 

■57502464 

cos 

a  * 
a 

.81814 

a-l  n 

W  4.** 

nt 

S 

.50643861 

cos 

CL  = 

'  h 

.86228 

(vV 

ss 

. 91016567 

c0B  s 

.41424 

tan 

€ 

ss 

1.58843328 

C082 

€  a 

.28384 

tan 

a 

~h 

ss 

1.40116849 

cos2 

a 

= 

D 

.33747 

d 

ss 

-  .00003431 

The  coefficients  of  the  condition  equation  are 

■  -1.1469 


a. 


Then[aa]  *  9-2765,  K 

to  the  measured  angles  are 


1.3691 

1.7842 

-1.7039 

*  1.0738  and  the  corrections  to  be  applied 


V  = 

rv  Qrr 

-  U.Of 

«a 

V  * 

1.04 

II 

1.36 

a 

Y  = 

-  1.56 

€. 

h 

56 


Adding  these  corrections }  result  in 


i  •? 

a  +  v  -  35°  06  04.02 


+ 


30  25  37-87 


— —  1.0  rkO  7r 

€  +  v  S  5f  HO 


%  T  Vb 


=  54  29  04.44 


a  +  a  =  65  31  41.89 

a  D 

The  functions  of  the  angles  needed  to  compute  the  coordinates  of  the 
flash  point  are 


sin  aa  =  .57502120 

sin  =  .50644296 

sin  (q!o-Kxk)  =  .9IOI660I 


tan  e 


%  - 


1.58845650 


1.40114981 


b  sin  0^ 
sin  Tn  +ct  1 

-  v-a  d' 

b  sin  a 


sin  1  n.  +0!  i 

-  '“a  "b' 


6067.4240 


=  6889.0234 


9692.6829 


rr  _  Q^QO  £A**A 

^4,  — 


The  corrected  azimuth  angles  measured  from  the  +  X  axis  are 


54°  53  51.50 


Pi  D 

-59°  34'  46” 6l 


9T 


“b 


b  sin 

x  -  Bin  (c^J  <=osKtXo 


b  sin  cl 

Y  -  Bin  TcgcQ  8lnK+Yc 


X  = 


b  sin  a 
_ a 


cos  K  + 


*D 


oy»/? 


Y  = 


sin 


sin  K  +  Y_ 


sin  K  = 
cos  K  = 
X  = 

Y  s 


Pi  C 

.81807026 
.57511829 
1954.4785 
_  438,4736 


Pi  D 

- .86233356 
.50634062 
1954.4783 

.  kAA  li7V; 


Averaging  the  xc  suits  from  StatiuiiB  FI  C  and  Fi  Dj  the  coordinates 


of  the  RC-7  flash  point  are 


W  1  I.  r»Q 

A  5=  m 

Y  =  -  488.47  m 
Z  =  9692.683  m 


Table  26  is  a  tabulation  of  XYZ  coordinates  resulting  from  triangulations 
by  the  two  Askania  cameras.  The  Z  coordinates  are  not  corrected  for  re- 

4  ay*  rrru  a.  «««  4  M  a4*  a  U  —  JL  _ — _ — _ j_  _  n  xtJ _ j _ _ _ _  a 

iio^wivu.  xiAc  opavic  guuruiiittucD  ui  uuc  axx’ux’ai  u  j  ao  wumeiib  ui  nrmg  ana 


of  the  burst,  after  being  corrected  for  refraction  are  shown  in  Table  27. 
The  check-runs  for  21  March  Ml/P2  and  10  April  M3/P1-1  and  M3/P1-2  are  also 

t.fthl  1 1  In  T'flhl  P  .  A  r*rrni‘no,r,4  arkn  VtA+UAAn  +  V»a  nr-4  mnl  -r*  4  r\n  a  ovi/4 

—  — "  —  >  •  1  ■  •  —  — '  — ■  — •  «»  MWWYWWM  VUV  WA  AQ&UUX  1  UUUb  VXUUU  CUiU 


the  check  run  reductions  are  an  indication  of  differences  to  be  expected 
from  the  two  sets  of  independent  plate  measurements. 
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4.6  Space  Coordinates  of  Aircraft  at  Time  of  Firing 
A  sample  calculation  for  7  May  Ml/Pl  follows: 

(Meters) 

X  Y  Z 


1. 

RC-7  flash 

1954.478  -488.474 

9692.683 

2. 

Askanias  (Height  of  Instruments) 

1.00 

5. 

Refraction  Correction  (Table  20) 

1  1.  n 

-  • 

4. 

Aircraft  Velocity  correction 

•  957 

5. 

Position  of  RC-7  Flash  at  Time  Gun 
Fired 

1955.^35  -488.474 

9692.263 

6. 

Distance  between  RC-7  Flash  and  End 
of  Gun  Barrel 

.38  00 

.81 

7. 

Position  of  End  of  Gun  Barrel  when 
Gun  Fired 

1955.055  -488.474 

9691.453 

The 

space  coordinates  of  the  RC-7  flash 

were  obtained  from  the 

Askania 

cameras  (Table  26).  The  aircraft  velocity  correction  in  X  was  computed 
from  the  time  difference  between  the  RC-7  flash  and  the  gun  firing  (Table 
25 )>  and  the  average  velocity  of  the  aircraft.  Corrections  in  the  Y  and  Z 
directions  were  so  small  as  to  be  negligible. 

4.7  Space  Coordinates  of  Burst 


A  sample  calculation  for  7  May  Ml/Pl  follows: 

(Meters) 

X  Y  Z 


1. 

2. 

Burst  without  refraction  corrections 

Refraction  correction 

2424.414  -600.480 

8043. 053 
-  1.28 

3. 

Burst 

2424.414  -600.480 

8042.573 

The  space  coordinates  of  the  burst  were  obtained  from  the  Askania  cameras 
(Table  26)  and  the  refraction  correction  from  3.5. 
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4.8  Velocity  of  Aircraft 


Since  the  time  was  not  picked  up  until  the  first  RC-7  flash  occurred, 
the  average  velocity  of  the  aircraft  at  any  particular  firing  was  computed 
from  the  reset  and  post-survey  flashes  following  this  event.  Thus,  the 
average  velocity  of  the  aircraft  is  determined  from  the  survey  flashes  that 
occur  up  to  approximately  5  seconds  after  the  gun  is  fired.  In  view  of  th* 
fact  that  the  differences  in  times  between  the  post-survey  flashes  are 
practically  constant  (0.5  sec.),  and  only  the  time  between  the  reset  and 
first  post-survey  flash  differs  from  this  0.5  second  value,  the  velocity  of 
the  aircraft  was  taken  as  the  average  of  the  velocities  between  the  reset 
and  post- survey  flashes.  A  test  calculation  was  made  whereby  the  velocity 
was  computed  by  weighting  the  velocities  between  flashes  to  the  differences 
in  times  between  the  flashes.  The  results  of  the  two  methods  agreed  to 
within  lcm/sec.,  thus  eliminating  the  need  of  any  weighting. 

A  sample  calculation  is  given  of  the  aircraft  velocity  for  11  April 
*1/P?-1.  From  Tables  25  and  2 6  the  Ay,  AZ  values  between  the  reset 
flash  and  post- survey  flash  No.  10  are 


Velocity 


AX 

Ay 

Az 

Distance 

At 

(meters/sec. ) 

547.9599 

16.5584 

1.5968 

548.5470 

1.65025 

211.0900 

105.7541 

5.1550 

.4025 

105.8805 

.50062 

211.4984 

105.7058 

5.4964 

-  .2547 

105.8469 

.49998 

211.7022 

105.5552 

5.1004 

-  .1884 

105.6765 

.49993 

211.5826 

105.9001 

5.5265 

-  .6714 

106.0561 

.50002 

212.0657 

105.6869 

5.5317 

-  .5608 

105.8522 

.50005 

211.6452 

105.8262 

5.4877 

-  .1786 

105.9685 

.49998 

211.9456 

105.6457 

5.4825 

-1.1120 

105.7917 

•49997 

211.5961 

106.0994 

5.6466 

-  .8026 

106.2526 

.50001 

212.5009 

105.7157 

5.5490 

-  .5486 

105.8607 

.50000 

211.7215 

Mean 

Velocity 

-  211.7144 

(entered  in  Table  27) 
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A  bias  or  constant  error  in  settings  made  on  the  survey  flashes  will 
not  affect  the  value  of  the  aircraft  velocity.  The  similarity  in  appearance 
of  the  photographed  flashes  result  in  very  accurately  measured  distances, 
within  approximately  5  microns  on  the  plate.  With  a  picture  scale  of 
1:27,000,  this  is  equivalent  to  0.135  m  in  the  air.  Dividing  this  distance 
by  the  average  difference  in  time  between  the  flashes  of  0.5  seconds,  the 
aircraft  velocity  is  determined  to  approximately  0.27  m/sec.  If  the  air¬ 
craft  is  not  accelerating  or  decelerating  during  these  times  a  better 
velocity  value  is  obtained  by  averaging.  Because  the  aircraft  velocity 
may  not  be  constant  its  velocity  should  be  determined  with  the  help  of  the 
pre-  and  post-survey  flashes.  The  requirement  of  aircraft  velocity  to 
—  2.0  ft/sec.  appears  to  have  been  satisfied. 

4.9  Accuracy  of  Askanla  Results 

The  following  tabulation  is  a  sample  of  mean  errors  in  the  XYZ  coordinates 
of  the  RC-7  flashes  as  triangulated  by  the  Askania  cameras.  An  example  of 


the  computations  is  also  given. 

Date  Mission/  Point 

Pass  Triangulated 

m.e. 

(microns) 

m.e.  X 

m.e.  Y 
(meters) 

m.e.  Z 

7  May 

Ml/Pl 

RC-7  Flash 

±2.8 

±.073 

£ 

O 

• 

+  1 

±.125 

7  May 

M1/P2 

RC-7  Flash 

±8.2 

1  + 

ro 

>8 

±.203 

±•559 

n  Unnr 

1  PIOJ 

M1/P4 

RC=7  Flash 

±4.5 

±.116 

±.112 

±.202 

A  Sample  Calculation  of  Mean  Errors  in  the  Position  of  the  RC-7  Flash  for 
7  May  Ml/Pl  follows. 

Coordinates  of  flash  point  from  triangulation  (4.5  (B) ): 

X  =  1954.4784 
Y  =  -  488.4736 
z  =  9692.6834 


Coordinates  of  Cameras: 

Pi  C 

x  «  -1535.0080 
Y  =  -5452.0527 
Z  ^  54.8438 


Pi  D 

-1533.7141 

-5452.1625 

40.1300 
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Observation  Equations  (see  coefficients  of  Ax ,  Ay,  Az.  in  Formulas 
Reference  ( 12 ) ) 

Ax 

.OOOOII8585 

.0000289422 
.0000114464 
-.0000276427 


Normal  Equations: 

Ax 

ififrl  I,  iQn _ 1  a"12 

J.U  I  J .  HXU^  A.  AVJ 


Ay 

.0000254378 
-.0000155616 
- .0000227961 
-.0000147086 

Ay 


T  aQa^  __  1  A 

•  J  .  UUUU  X  J-VJ 


-12 

.-12 


Az 

.0000173942 

.0000024645 

.0000181662 

.0000009370 

Az 


r~  *»  n  t.  tZ'a  __  1  /A 


-Ai 

.00000234 

.00000119 

-.00000129 

.00000122 


1625.2502  x  10  -  3.7821  x  10 

639.5207  x  10 


-12 

-12 


7rt aa*i  r* O  ^  a*  10 

-.15|Wip O  X  J.U 

-.52468625  X  lo"10 


-12 


.19057645  x  10 


■10 


Inverse  of  Normal  Equations: 


68288  x  104 

i. 

256  x  10** 
54613  x  104 


256  x  104 

)i 

61531  x  10** 
569  x  104 


54613  x  104 

I. 

569  x  10'r 
200045  x  104 


Ax=  -.0009 

A^  =  .0322 

x 

A  =  -.0%3 

z  - 

Then,  substituting  in  the  observation  equations: 


and  m  = 


v'y  =  -.00000100 

vC  =  -.00000164 
1 

v"  =  .00000110 

A 

v??Y  =s  -.00000170 

—.00000280  =  —2.8  microns 
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The  weighting  coefficients  from  the  inverse  are 


and 


26137 

25599 

44726 


=  -.0732  m 
=  ±.0717  m 
m_  =  —.1252  m 

Li 


Since  the  geometry  of  the  flashes  in  relation  to  the  Askania  cameras 
and  the  mean  errors  of  the  plate  measurements  for  all  missions  are  practi 


cally  the  same,  the  requirement  of  determining  the  space  position  of  the 


aircraft  at  the  moment  of  firing  and  the  space  position  of  the  hurst  to 
^2,0  ft,  are  satisfied. 
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5-  VELOCITY  CAMERAS 


5.1  Projectile  Velocity  Determination 


n _  T  nr ri  *1 i.  J —  /  T7I J  „  ^  J  1  ^ 

f  our  ^^uuu  nuuui*  uy^Jt:  Cfcimex'tiB  ^rJLg.  ;  were  uaeu  uu  uc  ucriumc  uiic 

muzzle  velocity  of  the  projectile.  These  velocity  cameras  were  positioned 
(pigs*  15  and  l1*-)  fore  and  aft  in  the  nose  of  the  aircraft  so  as  to  form 

li  **“»  V\«  pi  rtl  -I  «nn  i~\ny»Vk  nv>Tiv*r»v  -I  mn  +  o1  ir  O  1  vi  1  an  rf+Vi 

unu  uaocxxxiCD)  cctuix  cxjjjjx  xaiia.u-t.j-jr  c-  •  j  xuc  utx  o  -lax  xtugwu* 


mVia  ^*-1  V*a4-  -no  ■<  v> 
me  X  -LX  u  KJ  pun  y 


cameras  Nos.  2  and  5  were  so  oriented  that  a  picture  of  the  projectile 
would  be  taken  at  time  t., }  soon  after  leaving  the  end  of  the  gun  barrel. 

_L 

T**s  second  pair*  cameras  Nos*  1  and.  4 -7  ^ere  so  oriented  that  a  second 

exposure  would  be  taken  at  time  t0,  a  fraction  of  a  second  later.  The 

d  /  r  \ 

position  of  the  projectile  from  each  set  of  cameras  can  be  computed'  '  and 

since  the  elansed  time  l t ^  -  t- )  between  the  exnosures  can  be  measured. 

---  -*  >  2  1'  A 

X-l T 1  J ~  X»  XL  A X-  J  T  A-1 .*,*.1  ^  4- V,  V.  -I  — ^  J1 

uic  v  ciuci  by  ux  tuc  ^iujcu  011c  near  one  luu^zac  ui  one  gun  eeui  uc  uc  oexuixncu. 

Scale  for  the  velocity  camera  system  was  essentially  determined  from  the 
coordinates  of  the  control  points  which  were  used  in  establishing  the 

Ayr!  qv»+  o4*4  Ar>  a  r\  -f*  -4- V»  a  1  a/i4  l-ir  r*  omor«Q  c  rpVi  a  Vto  oal  4  no  /U  at  or»  ac  a  ho+uoon  f  V»o 

V4X  XWil  uc*  ui,uuo  vx  uug  ygxuuxuj  wwugxuo  •  xuv*  uuuwxxug  uxuuuuggu  uww.wwu  uuv 

four  velocity  cameras  were  determined  by  direct  measurements.  These 

distances  do  not  enforce  the  scale  of  the  velocity  camera  system  but  were 

used  bo  establish  the  y  y  Z  'positions  of  the  four  cameras-  Small 
^  “o  “o  o  ^ 

deviations  of  the  Xq  Yq  Zq  positions  from  their  true  values  were  compensated 
for  by  specific  camera  orientation  parameters  a}  o>,  and  K  . 


Two  exposures  are  taken  by  each  camera  (Fig.  15)-  The  first  exposure 
was  taken  over  the  calibration  pit  where  the* relative  orientations  of  the 
cameras  were  determined  by  the  use  of  control  points.  The  second  exposure 
was  taken  over  the  range  soon  after  the  gun  was  fired.  The  small  circles 
(Fig.  15)  show  the  fiducial  marks,  control  points  and  the  projectile  that 
were  measured  on  the  55^  velocity  camera  film. 


5.2  Relative  Stability  of  Velocity  Cameras 

A  total  of  five  35^  Robot  type  cameras  were  mounted  in  the  aircraft 
on  an*  invar  system.  Camera  No.  5  was  used  to  check  the  stability  of  the 
system  by  photographing  a  cross  mark  positioned  in  a  collimated  light 
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F-89  Nose  InstaJLlation 


OVER  THE 


~^L  \ 

\  /"J 


uvtrt  i  nc. 

DA  AirMT 
nni^uu 

jQX 

V/  7 


TARGET -CROSS 


rt\/PD  TUP 

Vi/  V  Ul  %  I  I  »W 

RANGE 


nv/PR  THF 

'“PH 


CAMERA  NO.  5 


w 

'V' 


UANItKM  (MU.  £. 


C. AMFRA  NO. 3 


\  / 
\  I  / 


CAMERA  NO.  I 


l\  l 

i  \y 


CAMERA  NO.  4 


/^-  PROJECTILE  AT  TIME  t, 


\  i  / 

\  !  I 


\  i  / 
1 


PROJECTILE  AT  TIME  tg 


FiG.  15  -  VELOCITY  CAMERA  EXPOSURES  OVER  CALIBRATION 


PIT  AND  RANGE 


source.  Any  rotation  in  cameras  Nos.  3  and  4  relative  to  cameras  Nos.  1 
and  2  (Fig.  16)  will  result  in  a  change  of  position  of  the  image  of  the 
cross  relative  to  the  fiducial  marks  in  the  two  exposures  made  with  camera 
No.  5- 
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//I 


f  r 
/?/ 


FIG.  16  -  SCHEMATIC  OF  VELOCITY  CAMERAS 


THE  SYSTEM  PROVIDES  FOR  A  STABILITY  CHECK  BETWEEN 
CONDITIONS  AT  TIMES  OF  CALIBRATION  AND  FIRING. 
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Ac  evt  avonmlD  rv'P  -hViO  URaH  t.r\  nrkTnnil+.f*  +.he  Tftl  A*M  Ve  StabilltV  Of  the 

Au  CU1  WLU4UyXV<  W*  1UV.  WUWV&  '*•'«'*  '*v  ~  ''~*r -  — - -  — - •/ 

velocity  camera  system,  computations  for  7  May  Mi/Pi  follow. 

CAMERA  NO.  5 

Film  measurements  while  over  the  calibration  pit: 

1  (meters)  1 

x _ Z_ 

_ _  .  .  -  «  i  .  i.i  /n/m  AVrynrf’ 

fiducial  MarK  wo.  ±,  aeno^ea  uux  .\j<zjvu? 

Target  Cross,  denoted  002  .046259  .017528 

Fiducial  Mark  No.  2,  denoted  005  .051158  .010684 


Film  measurements  for  7  May  Ml/Pl  firing: 


Fiducial  Mark  No.  1, 
Target  Cross, 
Fiducial  Mark  No.  2, 

005  -  001 
105  -  101 


denoted  101 

.061556 

.024516 

denoted  102 

.069858 

.017996 

denoted  103 

.074755 

.011568 

A1 

X 

A1 

y 

Distance 

.01 5*02 

-.015181 

.<jjloo;>:>o 

.015199 

-.015148 

.0186302 

Scale  factor 


.0186556 


1.001565 


005  +  001 
- - - = 

002  = 
difference  £ 


in*  j.  mi 
5 

102 

difference  * 


.068155  .017942 

.069858  .017996 

-  .661703  -  .006354 


Am  nr\~tr\ 


.  \j\jjl  /  \jjy 
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.0017059  x  scale  factor  =  .0017062 

distance  during  calibration  =  .0017029 

difference  =  .0000055 

=  5-5  microns 

focal  length  of  camera  No.  5  =  152,  000  microns 

,  ,  ,  ,  „  5.5  x  206,265  ), 

amount  avstem  moved  in  seconds  of  arc  =  - ,v a  -  =  A.5 

Distance  between  Target  Cros6  and  Camera  No.  5  Is  approximately  2.5  m. 


Amount  moved  in  millimeters  = 


Summary  of  stability  checks; 


5.5  x  2.500 


152,000 


Mission 


=  .090 


Amount  of  Movement 


n  u«,r  in  /hi 

(  m/  A  J- 

li  c; 

’  •  s 

it 

*  05  Omni 

7  May  M1/P2 

■ 5-7„ 

-  .064mm 

7  May  M1/P4 

- 6-2. 

-  .069mm 

7  Mbv  Ml  /pc; 

1  +  *  — l  -  ^ 

-  5.0" 

II 

-  .065mm 

8  ‘May  M3/P2 

-  4.5 

/”\Jj  Q«m«m 
-  •  luTT  KJUXIU 

The  above  results  indicate  that  the  camera  orientations  as  obtained 
during  the  calibrations  are  little  affected  by  any  distortion  of  the  invar 
system. 

5*5  Calibration  of  Velocity  Cameras 

Because  of  the  lack  of  any  control  points  for  the  velocity  camera 
orientations  at  the  time  of  airborne  firing,  the  following  method  was  used. 

Before  a  mission  the  camera  orientations  were  determined  from  photo¬ 
graphs  taken  over  the  calibration  pit  and  were  assumed  to  remain  relatively 
fixed  to  each  other  until  after  the  gun  was  fired. 

The  film  measurements  of  the  projectile  from  the  photographs  taken  in 
the  air  were  then  evaluated  in  terms  of  the  calibration  parameters  observed 
over  the  calibration  pit.  This  was  accomplished  by  computing  the  difference 
between  fiducial  marks  and  projectile  from  the  photograph  taken  during 
the  firing,  applying  a  scale  factor  correction  for  film  shrinkage  and  thus 
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interpolating  the  rays  of  the  projectile  into  the  calibration  records. 
Using  these  reduced  projectile  film  measurements,  the  coordinates  of  the 
projectile  were  determined. 

The  positions  of  the  projectile  at  times  t^  and  t^  are  in  the  cali¬ 
bration  pit  coordinate  system.  However,  this  is  of  no  consequence  since 
only  a  difference  in  coordinates  of  the  projectile  is  required  for  a 
velocity  computation. 


An  example  of  computing  the  reduced  projectile  film  measurements  for 
Camera  No .  1  taken  7  May  Ml/Pl  follows.  To  simplify  the  computation,  the 
film  when  measured  on  a  comparator  is  lined  up  so  that  the  x-axi6  of  the 
comparator  will  run  through  both  fiducial  marks. 


7  May  Ml/Pl  Camera  No.  1 

Film  measurements  while  over  the  calibration  pit: 


1  (meters)  1 


Fiducial  No.  1  called  001 
Fiducial  No.  2  called  005 


.281414 

.500001 


difference  .018587 

distance  between  fiducial  marks:  .018587 

Film  measurements  for  7  May  Ml/Pl  firing: 


. 500000 
. 500000 
.000000 


1  (meters)  1 

1  y 


Fiducial  mark  No.  1  called  101  .281450 

Fiducial  mark  No.  2  called  105  .500000 

difference  .018550 

distance  between  fiducial  marks:  .018550 


.500000 

.500000 

.000000 


Scale  factor 


.OI8587 

.018550 


I.OOI995 


The  projectile  film  measurement  from  7  May  Ml/Pl  firing  is  denoted  as  102, 
and  computed  projectile  measurement  reduced  to  film  taken  over  the  call- 

I 

bration  pit  is  denoted  as  102  .  The  film  measurements  are 
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102 

101 


001 

correction 


\  (meters)  1 

.289299  .503506 

.281450  .300000 

41  *  .007849  41  s  .003506 
x  y 

(41x)(  scale  factor)  =  .OO7865 

(41  )( scale  factor )=  .003515 

y 

.281414  .300000 

.007865  .003513 

,289279  ,303513 


The  absolute  control  points,  one  situated  at  the  bottom  of  the  cali¬ 
bration  pit  and  the  other  one  on  the  gun  rod,  were  so  arranged  that  they 
would  be  approximately  in  the  same  relative  position  with  respect  to  the 
velocity  cameras  at  the  time  of  the  calibration  as  the  projectile  was 
during  the  mission.  If  the  control  points  and  the  projectile  were  exactly 
in  the  same  relative  position,  any  camera  orientation  obtained  from  the 


control  points  when  used  to  triangulate  the  position  of  the  projectile 
would  produce  coordinates  for  the  projectile  equal  to  the  original  coordinates 
Of  the  control  points.  Inasmuch  as  the  relative  position  of  the  control 
points  and  projectile  are  approximately  the  same,  small  biases  in  the 
Individual  camera  orientation  parameters  have  negligible  effects  on.  the 
position  computations  of  the  projectile. 


5.4  Scale  Factor 


A  scale  factor  was  used  in  all  velocity  camera  reductions.  It  was 
assumed  that  the  difference  in  the  distances  between  fiducial  marks  as 
measured  during  the  calibration  and  mission  was  due  to  temperature  changes 
in  the  camera  and  of  the  film.  It  is  important  to  normalize  this  distance 
since  all  velocity  camera  photographs  of  the  projectile  were  reduced  after 
being  projected  onto  the  photograph  taken  during  the  calibration. 
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5.5  Camera  Orientation  Elements 


The  camera  orientation  elements  for  each  velocity  camera  are  a,  at,  k  , 

X.Y.Z.c.x.y.  Six  of  these  nine  orientation  elements  are  either 
o'  o'  o'  '  p  Jp 

known  or  can  he  adequately  assumed  for  the  velocity  cameras ,  or  can  be 
determined  by  independent  measurements. 

The  three  elements  of  interior  orientation  c ,  x  and  y  are 

P  P 

c  ,  the  principal  distance  or  focal  lengths  of  the  cameras  which  was 
given,  and 

Xp  and  y  ,  the  coordinates  of  the  principal  point  were  assumed  to  be 

zero . 

The  six  elements  of  exterior  orientation  are  XQ,  YQ,  ZQ  and  a,  to,  k  . 

X  ,  Y  ,  Z  ,  the  coordinates  of  the  center  of  projection  for  each  velocity 
o  o  o 

camera  were  determined  by  the  following  method.  Distances  were  measured 
between  the  centers  of  projection  of  the  RC-7  camera  and  the  velocity 
cameras.  The  coordinates  of  the  velocity  cameras  for  each  calibration  could 
then  be  determined  by  algebraically  adding  these  distances  to  the  coordinates 
of  the  RC-7  camera  as  determined  over  the  calibration  pit. 

a,  to,  K  ,  the  three  rotational  orientation  elements,  remain  to  be 
determined  to  complete  the  required  nine  camera  orientation  elements . 

5 .6  Methods  of  Determining  the  Velocity  Camera  Orientations 

The  number  of  absolute  control  points  necessary  for  a  unique  solution, 
to  determine  the  orientation  elements  of  a  single  camera  is  n,  where 

2n  *  u 

n  =  number  of  absolute  control  points 
u  =  number  of  unknowns 

with 

u  *  3  (the  three  rotational  elements  a,  o>,  k  ) 

n  *  11/2 
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Only  one  absolute  control  point  is  available  by  which  the  velocity 
camera  orientations  can  be  determined,  point  No.  25  for  cameras  Nos.  1 
and  4  and  point  No.  27  for  cameras  Nos.  2  and  3.  It  was  therefore  necessary 
to  make  use  of  relative  control  points  applying  the  method  of  double  point 
resection  in  space  or  to  reduce  the  number  of  unknowns  (u)  by  obtaining  a 
value  for  one  of  the  three  rotational  elements  by  some  other  means . 


In  the  case  of  cameras  Nos.  2  and  3,  the  value  of  k  was  determined  by 
direct  measurement  on  the  film.  Since  the  tilt  angle  a)  is  small,  the  value 


i _ J  J  — 


_ _ _ _ r  _  4,-.  «  4  a  4-  s-v  mu 4-1 4  ~  4  . 

lux’  *  uutttiiicu  xii  uiuq  mamicx  id  Duiiiuiciiti,y  auuuiauc.  xiiud  uiic  mxiixuiuni 

number  of  absolute  control  points  will  now  be  reduced  to  one.  In  this 
manner  all  camera  orientations  for  velocity  cameras  No.  2  or  No.  3  were 
made,  following  the  methods  outlined  in  Reference  (4). 

In  the  case  of  cameras  Nos.  1  and  4  it  was  possible  to  make  use  of 
relative  control  points.  Relative  control  points  are  points  common  to  both 

_ _ _ V..J.  _ _ J  J _ 4-  ~  _ - -  Tl  +/%  «ma  Ira 

cauiciab  uut  wuuoc  cuumiuatcs  ax  e  nuo  xluuwii  •  u  wao  nuu  ^uodiuxc  uu  iutuve 

use  of  relative  control  points  for  cameras  Nos.  2  or  3  because  no  common 
area  was  photographed. 

All  camera  orientations  for  cameras  Nos.  1  and  4  were  made  following 
the  method  as  outlined  in  Reference  (8)  which  determined  the  orientations 
of  the  two  cameras  simultaneously  with  the  coordinates  of  the  relative 
control  points .  The  six  unknowns  to  be  determined  for  the  two  Cameras  are 
the  three  rotational  angles  a' ,  to1 ,  and  k  1  for  camera  No.  1  and  a",  cs", 
and  k  "  for  camera  No.  4.  Each  point  gives  rise  to  4  equations.  Using 
the  absolute  control  point  No.  25  and  3  relative  control  points,  l6  equations 
for  the  15  unknowns  of  the  solution  are  obtained,  constituting  a  slight 
oyer-determination  which  acted  as  a  check  against  coarse  errors. 


5«7  Number  of  Cameras  Required  for  a  projectile  Velocity  Determination 


It  is  preferred  that  all  four  velocity  camera  orientations  be  known 
in  which  case  the  XYZ  coordinates  of  the  projectile  for  times  t^  and  t^  were 
obtained  by  triangulation.  However,  in  some  cases  because  of  poor  quality 
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Images  of  the  projectile,  camera  malfunction,  etc.,  only  three  or  less  of 
the  four  camera  records  were  available.  Muzzle  velocity  reductions  were 
not  made  when  less  than  three  camera  orientations  were  available  or  when 
camera  No.  1  or  No.  4  were  missing.  Any  approximate  method  of  solving  the 
position  of  the  projectile  when  camera  No.  1  or  No.  4  is  missing  could  be 
critical  because  of  the  weak  geometry  inherent  in  the  measuring  set-up. 

5.8  Projectile  Determination  when  Two  Camera  Orientations  are  Known 


when  the  projectile  is  at  time  t^  and  both  camera  No.  2  and  No.  3 
orientations  are  known,  or  at  time  t0  when  both  camera  No.  1  and  No.  4 
orientations  are  known,  the  projectile  position  is  determined  by  the  methods 

^..4.1  4 _ j  - - /  d  \  -n - - A  4.U4  n  «««.  ez  1  r\ 

UUOJ.1UCU  XU  ncicicuuc  •  r  UI  OU  CLACUlipj-C  Ul  011X0  lUCOUUU  OCC  ^|1U. 


5.9  Pro.lectile  Determination  when  either  Camera  No.  2  or  No.  3  is  Missing 


When  the  camera  orientation  for  either  camera  No.  2  or  No.  3  was 
missing  a  close  approximation  to  the  position  of  the  projectile  was  obtained 
by  the  intersection  of  the  line  extending  through  the  gun  barrel  axis  and 
the  projection  of  the  ray  from  one  of  the  cameras  to  the  projectile  onto 
the  plane  containing  the  gun  barrel  axis  and  the  center  of  projection  of 
that  camera.  Thus  the  position  of  the  projectile  at  time  t^  was  determined 
by  the  intersection  of  the  two  corresponding  lines.  For  an  example  of  this 
method  see  5*11. 

5.10  Computations  of  the  Coordinates  of  the  Projectile  by  Trlangulatlon  from 
Two  Known  Camera  Orientations 

In  this  example  the  orientations  of  cameras  Nos.  1  and  4  were  determined 
by  using  one  absolute  and  three  relative  control  points.  This  example  is 

■Pm"  7  Mnv  Ml  /pi  . 

—  j  *  *■**— f  *  —  » 

The  approximation  values  for  a,  at,  *  ,  were  taken  from  a  similar 
solution  for  another  date.  It  would  have  been  possible  to  use  approximation 
values  obtained  from  the  geometry  of  the  physical  set-up  of  the  cameras  in 
which  case  several  iterations  would  be  required  before  the  corrections  to 
the  approximations  remained  sufficiently  unchanged.  In  this  example  no 
iterations  were  required. 
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The  values  for  the  center  of  projection  of  the  velocity  cameras 
vere  determined  as  follows: 


The  RC-7  camera  center  of  projection  values  as  determined  over  the 
calibration  pit  for  the  7  May  Ml/Pl  are  (Table  15) 

X  =  96.4568  m  Y  =  96.7051  m  Z  =  5.6684  m 

o  00 

The  measured  distances  between  the  RC-7  s*nd  velocity  cameras  Nos  *  1 

and  4  are 

Camera  No.  1  AX  =  1.8054  Ay  =  -  0.1100  £&  =  0.1968 

Camera  No.  4  Ax  =  -0.5135  Ay  =  -  0.0900  Az  =  -O.OliJ 


Applying  these  distances  to  the  RC-7  values  the  centers  of  projection 
for  the  two  velocity  cameras  are 


Camera  No.  4 


nA  ok 00 

7^  •  uTt-t- 

95.9233 


V 


7^ 


96.6151 


Zo  =  5.6652 
Zo  -  5.6567 


mil  a  ftTinm/w  -4  mal  4  Am  ire  1  nan 

luc  UAJJuavxvu  voxucoj 


inner  orientations  are  as  follows: 


A 

of 


Camera  No.  1 
- - - - „— 

188*'  51  32.98 
00  32  26.87 

Aft  9*  in  w 

VW  fc-y  •  j  | 

98.2416  meters 
96.5960 

5,8652 

.152 

.290708 

.300000 


Camera  No.  4 

~ - i — 7*7 

163~  33  14.83 

00  07  33.53 

272  28  02.68 

95.9227  meters 

96.6160 

*1. 6*567 

✓ * I 

.152 

.390665 

.400000 


The  coordinates  of  the  absolute  control  point  are  (see  Point  No.  25,  Table  1) 


X  -  97.5122 
Y  -  96.7380 

z  *  0.6968 
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relative  are 


Camera  No.  1 

1  1 

Camera  No .  4 

1  1 

abs.  pt.  No. 

x  ,  y 

25  .287590  .302364 

X 

.394455 

y 

.396618 

rel.  pt.  No. 

4  .291942  .304349 

.390202 

.395147 

rel.  pt.  No. 

5  .291666  .294791 

.389879 

.404392 

rel.  pt.  No. 

6  .292120  .309032 

.390337 

.390668 

The  direction  cosines  from  formulas  (13)  of  Reference  (8)  are 

Ai 

=  -COS  a  COS  K 

+  sin  a  sin  cd  sin  k 

Camera  No .  1 

.02579661 

Camera  No.  4 
.04066790 

h 

-  -cos  a>  sin  k 

-•99957511 

.99907045 

r\-\  ~z.t~  £  r\£  Q 

r\-i  l.  orvCAC 

C1 

—  sin  cK  cos  K 

+  cos  Of  sin  cd  sin  K 

- .ui^pu^uu 

.\jx.*tczyy\jy 

A, 

-  -cos  a  sin  k 

-  sin  a  sin  cd  cos  k 

.98773415 

-.95887158 

b2 

s  COS  CD  COS  K 

.02757744 

.04305104 

o2 

*  sin  a  sin  k 

-  cos  a  sin  cd  cos  k 

-.15369038 

-.28293786 

D 

=  sin  a  cos  cd 

-.15399929 

.28310886 

E 

»  sin  cd 

■ 

.00943855 

.00219877 

F 

=  cos  a  COS  CD 

-.98802587 

-.95908526 

The  approximation  values  for  the  three  relative  points 

,  computed  by 

_ i _ /  xr a  \  j 

x  ux'iuu-lclb  ^  )  emu. 

Point  No. 

/  c<7\  /  Q  \ 

\~?  \  )  ui  ACiCi'CiWC  J  CLXC 

X 

Y 

Z 

. 

r>f-r  tr&r\£ 

r\£  £r\i,Q 

t  r\  £  ~x.££ 

4 

y  [  • 

yu  .uwu 

TU  •  U 

5 

97.2454 

96.6065 

+0.6452 

6 

97.7442 

96.6029 

+0.6413 

The  coefficients  of  the  observation  equations  are  given  by  formulas 
(40)  and  (4l)  of  Reference  (8),  The  observation  equations  are 
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OBSERVATION  EQUATIONS 
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OBSERVATIONS  EQUATIONS 
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•The  solution  of  the  normal  equations  formed  from  these  observation 
equations  yielded  the  following  values: 


Ay 

k 

= 

-0.0022 

= 

-0.0142 

^4 

= 

+0.0046 

*5 

s 

-0.0018 

ay, 

= 

-0.0165 

*5 

^6 

= 

+0.0071 

s 

-0.0026 

Ay6 

= 

-0.01 52 

^6 

sc 

+0.0052 

Y 

tl 

Ax' 

= 

+O.OOO6151  rad. 

= 

+02 

06.47 

A  ...  * 

4JCD 

sc 

A  AAlAliO^li _ J 

X  CLU. . 

■ 

t  r\ 
-xv 

0 n  cn 
<^  \ 

A  K 

= 

-O.OO547670  rad. 

= 

-11 

57.12 

Act 

= 

+0.00006065  rad. 

= 

+00 

12.51 

ff 

A/.% 

•— AJU 

= 

=0.00279898  rad. 

- 

_r>Q 

VT.W 
✓  |  •  ✓✓ 

II 

Ak 

sc 

-O.OIO687I8  rad. 

=s 

s 

-po 

++•59 

Due  to  the  relatively  small  A  corrections,  one  iteration  cycle  was 
considered  sufficient. 

Adding  these  values  to  the  approximation  values,  the  following  elements 
for  the  relative  orientation  are 


a° 

+  -Ao 

_ 

Camera  No.  1 

188°  55*  39^45 

Camera  No.  4 
.  163°  33'  27^34 

(0° 

+  An 

= 

00 

21  59.28 

-  00 

02  05.80 

A 

+  A  K 

= 

88 

13  13.65 

271 

51  18.51 

c 

= 

.152 

.152 

y 

ss 

.290708 

.590665 

yp 

as 

.300000 

.400000 

Using  this  relative  orientation  and  the  measured  coordinates  of  the 
projectile  the  azimuth  and  depression  angles  of  the  projectile  at  each  of 
the  two  cameras  was  computed.  Introducing  the  standard  coordinates  of  the 
projectile,  the  coordinates  at  unit  distance  from  the  point  of  projection  are 
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,  .  kite. 

'  w 


From  the  relative  orientation  by  means  of  formulas  (9),  Reference  (12) 
the  constants  are 


Camera  No.  1 

Camera  No.  4 

A1 

n*n  on  tAc; 

.  V  1 U  |V^ 

h 

..99949726 

.99947572 

c. 

-.01111736 

.00858750 

A 

Qftv^PQkQ 

•  1  x— y  '  y 

..  0^8^06 sfl 

• s  y  —  s  y  —  s  ~ 

B2 

.03105323 

.03237169 

Co 

-.15434116 

-.28292167 

T) 

-.1<s46o88o 

-  s-  • 

,28305133 

£ 

.00639601 

-.00060020 

F 

-.98795506 

-.95910458 

The 

quantities  u,  v  and  w  are  compu&ea.  uy  means  Ox  xOxmeuaD  > 

Reference  (12)  making  use  of  the  plate  measurements  of  the  projectile: 

Camera  No.  1 

Camera  No.  4 

1 

x 

.289279 

.392547 

1 

v 

.303513 

.404200 

Jr 

U 

/vrw^rkeAnrli 

n^nA7A)i  C\ 

.  |  V-TV 

V 

.00248158 

.00191169 

W 

-.15069795 

-.14695248 

From  these  values,  the  standard  coordinates  of  the  projectiles  are 

Camera  No.  1 

Camera  No.  4 

|  -.13320758 

.26576969 

t)  .01665319 

.01310419 

Then,  the  azimuth  angle  K  (measured  from  +X  clockwise)  is  tan  1  T)/{ 
and  the  depression  angle  e,  is  cot"1  j/|2  +  .  Their  values  are  as  follows: 
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Camera  No.  1 


Camera  No.  4 


tan  K 
K 

COt  € 
6 


-.12501681 
172°  52'  26.53 

.13424451 

,  82°  21*  14" 64 


.04930658 

n  •  M 

2°  1*9  21*98 
.'^oouyoo 
75°  05*  57" 47 


The  intersection  of  these  2  rays  is  found  by  a  least  squares  adjustment 
as  outlined  in  Reference  (6).  From  the  XYZ  coordinates  of  the  cameras,  the 

|  M 

azimuth  of  the  base  line  is  determined.  It  is  I79  30  21.06  and  the  angles 

between  the  ray  and  the  base  line  at  each  of  the  cameras  is  as  follows: 

At  camera  No.  1:  179°  30  2l”o6  -  K  -  6°  37'  53 

At  camera  No.  4:  00  29  38.94  +  K  -  3  19  00.92 

From  the  following  diagram,  it  can  be  seen  that  a  is  the  angle  at 

a 


camera  No.  4  and  0^  at  camera  No.  1. 


Hence 


a 

“b 

U 

n 

~b 


7c  a*  R7  hr? 

I  S  "'S  S  I  •'T  I 

6  37  5^.53 
82  21  14.64 

9  56  5R.lt; 


NO.  I 

-A2 
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sin  a  =  .05785888 

2, 

cos  = 

a 

.99832 

sin  0^  =  .11548871 

cos  0^  = 

.99331 

sin  (a&  +  C^)  =  .17276698 

cos  (a&  +  o^)  = 

.98496 

tan  €o  »  3.7580908 

COS  €  = 

n 

.25742 

tan  ^  =  7.4490928 

COS  €.  = 

D 

.13305 

a  =  .O89909V+ 

and  from  p,  8  Reference  (6*) 


d  *  sin  tan  e  -  sin  a  tan  +  a  sin  (an  +  Q^) 

*  =  a  =  a  .  d  =  1 20626s V  .0185*5427 ) 

—  y  s  *  —  1  '**  r  *  —  \ - *  ?  \ - *  / 


The  coefficients  of  the  condition  equation  (3)  p.  8  Reference  (6)  are 
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a 

(a 
v  a 
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3.8215 
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sin 

2 

sec  e 
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ss 

1.7430 

U 

_  cH  v\  r* 

—  M  XU  vx 

a 

2 

ooa  c 

“ww  "T) 

= 

oAAa 

•  1-W7 

and  equation  (3)  becomes 

-7.3480  vaa  +  3.8215  +  1.7430  vefl  -  3.2669  ve^  +  3627.0965  -  0 

The  corrections  van,  vo^ ,  veo ,  vev ,  are  computed  by  means  of  equations 


(5)  Reference  (6)  where  K 


u 


K  =  -39.7957*  where  faal 

1  it  J 


a-jK  * 

vaa 

f 

*  5 

• 

11 

kl.Sl 

■■ 

aJC  - 

C. 

VQv 

U 

*  -2' 

57.66 

H 

ajK  - 

vea 

f 

«  -1 

I 

21.03 

n 

V  “ 

v€b 

*=  2 

51.97 

82.2580 
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.  •  _  .  — 


Adding  “onese  corrections  to  ^ne  tmgj-eti: 

a  +  va  =  3°  24'  42" 53 

a  a 

C4.  +  VQ^  =  6  34  56.87 

U  U 

€  +  V€  =  75  04  36.44 

a  a 

-f  v€^  =  82  23  m-6.61 

o  1  ,  " 

and  a&  +  va&  +  +  va^  =  9  53  34.19 

From  the  formulas  on  p.  7  Reference  (6)  and  the  figure,  it 


that 


b  sin 


7.  = 


“b 


tan  e 


where  b 
and 


sin  (a&  +  0^ 
2.3190  m 


+  Z,  =  - 

4 


b  sin  a  tan  e, 

_ &  _o  + 

sin  (aa  +  0^) 


Hence 


sin  a  =  .05951221 

R 

sin  =  .11463311 

tan  e  *  3.7521585 

a 

tan  =  7 • 4909419 

sin  (a  +  c^)  -  .17354982 


z  =  -0.0905 

a 

ZL  =  -0.0916 


5.6567 

5.8652 


m  _  ilJ  __  n  i.1 W J  V  — J  J  I £»  i-U  ^  1  ^  4-Un 

xo  ima  tue  a  miu  x  cuunLinaucb  ui  uuc  piujcu uxxc ,  wic  uuj 
line  angles  axe  converted  back  into  azimuth  angles: 


uamera  no.  x 
o  *  ,  " 

172  55  24.19 


r\ _ —  —  tT  -v  r\ 

ueuucxa.  nu.  cl 


2U  55  03.59 


follows 


z, 

X 


i  cu  bcu  uaog 
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ml _  _£* _ n _ ~ _ 1  . 

xnen  iux*  utuucro,  ivj.  -l-; 


x  = 


b  sin  a 

— — 7 — —— T  cos  K  +  X, 
sin  (a&  +  )  1 


d  sin  a 


Y  = 


sin  (a&  +  a£7 

and  similarly,  for  Camera  No.  4: 

b  sin  . 
sin  (a  +  CO 

a.  u 

b  sin 


X  = 
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sin  (a&  +  <\  ) 


sin  K  +  Y, 
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Then 
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sin 
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95.9233 

96,6151 


with  the  result  that 


97.4531  m 
96.6931  m 


*b 


97.4531  m 
96.6931  m 
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5.3.1  Computations  of  the  Coordinates  of  the  Projectile  When  One  of  the 
Two-Camera  Orientations  Is  Missing 


In  this  example  the  orientation  of  camera  No.  5  was  missing.  It  was 
possible  however  to  determine  an  approximation  to  the  coordinates  of  the 
projectile  by  using  the  methods  outlined  under  5*9.  The  following  example 
is  for  7  May  Ml/Pl. 

The  coordinates  of  points  Nos.  26  and  27,  which  simulate  the  gun 


axis,  and  of  camera  No.  2  are 

X  Y  Z 

Camera  No.  2  98.2645  96-7760  5.8525 

Control  Pt.  26  97.5642  96.6982  5.0560 

Control  Pt.  27  97-3795  96.7016  4.1840 

The  equation  of  a  plane  containing  these  three  points  is 

.06906X  -  -77955Y  -  .00187Z  +  68.6665  =  0  (1) 


The  equation  of  a  line  through  points  Nos.  26  and  27  in  the  two  point 
form  is 

X  -  97-3642  Y  -  96.6982  Z  -  5.0360  /oN 

— o7oT53  "  "  “  6.0634 —  =  “o.H^r-  K  > 

The  direction  of  the  ray  from  the  camera  to  the  projectile  was 
determined  from  the  camera  data.  Since  there  is  only  one  control  point  it 
was  necessary  to  find  the  value  of  k  by  direct  measurement  on  the  film. 
k  was  found  to  be  5^-7  grad. 

From  the  single  camera  orientation  program,  the  values  of  a  and  u) 

were 

a  =  231.04310  grad  =  207°  56*  19']64 

to  =  -.00288388  grad  «  -  00°  00*  09.34 
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Letting  Z  =  3,  from  formulas  (12)  of  Reference  (12) 
(z)  =  3  -  5.8525  «  -2.8525  and 


x  =  +  x  =  96.9042 

w  o 

Y  =  &kL  +  Y  =  96.6388 

V  O 


Combining  the  coordinates  of  the  two  points  on  the  ray  and  the 
condition  of  perpendicularity  to  the  plane  defined  by  equation  (l)  the 
equation  of  the  plane  through  the  ray  is 

2.22341X  +  0.19953Y  -  I.069908Z  -  231.53072  =  0  (3) 


eliminating  Y  from  the  equations  (1)  and  (3) 

2.24109X  -  1.07038Z  =  213.95516 


and  from  (2) 


Then  from  (2) 


.852OX  +  0.0153Z 
X 
Z 


83.03135 

97.3827 

4.0063 


Y  *  96.7023 


As  a  check,  these  coordinates  were  substituted  in  all  three  equations 
and  the  equations  were  satisfied  within  the  limits  of  the  accuracy  of  the 
computations . 

5.12  Computations  of  the  Projectile  Velocity.  (7  May  Ml/Pl) 

Coordinates  of  projectile  at  time  computed  from  cameras  Nos.  1  and 

4  are 

X  -  97-^531 

Y  -  96.6931 

z  -  -  0.0910 
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Coordinates  of  projectile  at  t^,  computed  from  camera  No.  2  (camera 
No.  3  missing)  are 


x  =  97.3827 

Y  =  96.7023 

Z  =  4.0063 


The  distance  between  the  projectile  time  at  t.,  and  t^  is 

JL  C. 


4.0979  m 


mVift  1 

iuc  pi  ujcv,  UiXC 


il  Art  -t  +ir 

-  °  J 


4.0979 

.004195 


977*1  m/sec . 


3205  ft/sec. 


A  tabulation  (Table  28)  of  all  projectile  velocities  that  could  be 
reduced  by  the  velocity  cameras  is  listed.  Also  listed  are  the  values 
obtained  by  the  PVM  system. 


tr  _  1 _ J  - 


T\ _ 1  i  - 


u  1  ecus  a  ion  01  rrojecme  veiuuny  neamua 


During  the  planning  stages  of  the  project  it  was  decided  that  projectile 

_ T JJ.J *1.3  1 J  *X. J  _  -3  T .1.1 ^  ^  1..^.  J  —  TTHm 

Yciuci  uiea  wuum  ue  tie  teraiuiea  uy  uuc  e±eu  uruiuc  rvm  uicoiiuu  turn  uu.euA.cu. 

by  an  optical  method  (Velocity  Cameras). 


It  is  believed  that  results  obtained  optically,  while  having  a  larger 
spread  are  closer  to  the  true  projectile  velocity,  whereas  results  by  the 
electronic  method  are  in  themselves  more  consistent,  but  possess  a  constant 

rpV»-f  a  r»  r\Y\r»  1  n  cH  r^v\  uo  a  ‘Kocio/l  /-vr»  +oq+q  n-P  +>10  Pl/M  ava+.om  rno^p 

liiiu  UOUW4.UU1VU  nuu  • ^UWUU  OU  UV^UI  vw  V4.  V1AU  JL  f  iU  wj  W  VV4X1  UiMUU 


at  the  Aberdeen  Proving  Ground.  In  these  tests,  comparisons  between  an 
optical  and  PVM  system  were  made  using  a  ground-based  optical,  system  which 


was  accurately  controlled-  The  results  of  20  simultaneous  observations 
showed  a  4  ft/sec  —  1  ft/sec  smaller  velocity  for  the  PVM  system  over  the 


2580  to  2640  ft/sec  velocity  range. 


During  the  four  airborne  observations  at  EArn  a  comparison  of  the  two 

_i_ 

systems  resulted  in  a  17*5  ft/sec  —  3.5  ft/sec  smaller  velocity  for  the 
PVM  system  in  the  3050  to  3200  ft/sec  range.  It  should  be  noted  that  this 

+  »t«  n  n  4  v\  /n  J  n  nvmn  1  1  n  #.vmvs  1  ^s. 

±  coiu. o  wcko  uobaincu  iruui  a  Diuaxx  dcuujj-lc  . 
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PVM  projectile  velocity  data  were  transmitted  by  radio  to  the 
ground  stations  where  they  were  recorded.  In  cases  where  the  aircraft 
was  not  vertically  above  the  recording  stations  at  the  moment  of  firing, 
a  data  error  could  exist  due  to  a  secondary  Doppler  effect  resulting  from 
motion  of  the  aircraft.  However,  because  of  the  relatively  small  aircraft 
velocity,  this  error  proved  to  be  negligible. 


Assuming  the  PVM  method  to  be  good  except  for  a  constant  error,  the 
mean  error  of  a  single  determination  by  the  optical  method  may  be  computed. 


Date 


7  May  l/l 
7  May  1/2 

7  May  1/5 

8  May  3/2 


Difference 
(Opt. -PVM) 


+  l6  ft/sec 


Difference  e 
(Opt. -PVM) 

(17.5  bias  removed) 

-1.5  ft/sec 


+  10 


-7*5 


+  27  +9.5 

+  17  -0.5 


Mean  =  +17-5  ft/sec  —  3. 5  ft/sec 


The  mean  error  of  a  single  difference  is  approximately  —  2  m/sec,  which, 
using  an  average  time  of  .0042  seconds  between  times  t^  and  t^ ,  amounts  to 
an  error  in  distance  of  8mm. 


In  regard  to  the  optical  method,  three  factors  that  could  contribute 
to  this  8mm  value  are 


(1)  An  incorrect  time  difference  At  between  the  two  micro-flashes  of 
approximately  9  micro- seconds,  the  approximate  projectile  velocity  being 
950m/ sec . 

Checks  made  at  Aberdeen  Proving  Ground,  Maryland  showed  At  to  be 
accurate  to  1.2  —  0.5  micro-seconds. 

(2)  Incorrect  velocity  camera  orientations. 

The  reliability  of  the  camera  orientations  is  assured  by  the  small 
mean  errors  of  the  control  point  plate  measurements  which,  for  most  re¬ 
ductions,  were  less  than  5  microns. 
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(3)  Film  measurements  of  the  projectile. 

An  error  of  8mm  in  the  distance  which  the  projectile  travels  between 
time  t^  and  1 2  could,  because  of  the  geometry  of  the  velocity  camera  system, 
be  attributed  to  errors  of  approximately  7* 5mm  from  camera  No.  1  and  No.  k 
and  approximately  2.5mm  from  cameras  No.  2  and  No.  3. 

The  errors  in  the  projectile  plate  measurements  that  result  in  the 
7.5mm  and  2.5mm  values  may  be  computed  from  Fig.  17.  Cameras  Nos  2  and 
if  are  not  shown  and  the  dimensions  listed  are  approximate  values. 
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FIG.  17- ERRORS  IN  PROJECTILE  VELOCITY  INDUCED  BY 
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The  above  computations  Indicate  that  an  error  or  8  millimeters  in  the 
distance  the  projectile  travels  from  times  t.,  to  tQ  could  be  the  result  of 

l— 

film  measuring  errors  (e^  and  e_)  between  35  and  40  microns  on  the  pro¬ 
jectile  image. 


and  e-  are  not  setting  or  measuring  errors  but  are  identification 
errors.  Repeatability  of  settings  made  on  the  projectile  image  was  within 
10  microns.  The  size  of  the  projectile  image  varies  from  approximately  600 
to  1000  microns  in  diameter,  and  in  some  cases  appears  elliptically  shaped. 

min  a  a  cs  -t  V\  -IT  4  4-ir  a  -P  a  o  o  I  v\  4-V\  a  I  ^  ow+l  PI  /\m  n  V>  ai  i  1  /I  w  a+  V\a  -I  r+m  avia/9 

iu«  ^ajooxuiJ-x  \jj  ux  o  uxao  xu  xvx^u  ux x  xv  o  dxxuuxu  uuu  uc  xgaux  cu » 


Again  it  1b  noted  that  this  35  to  40  micron  error  was  based  on  a  very  small 
sample  of  four  measurements. 
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5.14  Final  Projectile  Velocities 


If  the  results  as  determined  by  the  four  velocity  cameras  are  used 
and  the  FVM  values  cure  considered  good  except  for  the  17*5  ft/sec  bias, 
the  final  projectile  velocities  are  tabulated  in  Table  29. 

The  projectile  velocity  determinations  in  common  for  the  optical  and 
electronic  methods  comprised  too  small  a  sample  of  measurements  to  determine 
with  sufficient  accuracy  the  difference  between  these  methods.  It  is 
therefore  doubtful  that  the  projectile  velocity  was  determined  to  —  2  ft/ sec • 

If  the  bias  due  to  the  PVM  method  is  to  be  determined  by  comparisons 
with  airborne  velocity  cameras  a  large  number  of  measurements  should  be 
made.  In  this  way  identification  errors  made  when  measuring  the  projectile 
image  on  the  film  may  be  averaged  out.  Also,  to  simplify  the  camera 
orientation  reductions,  at  least  three  absolute  control  points  should  be 
photographed  from  all  four  velocity  cameras. 

However,  a  better  method  of  obtaining  the  projectile  velocities  would 
be  either  to  determine  the  FVM  bias  by  comparisons  made  on  the  ground  with 
a  controlled  optical  system,  or  to  determine  and  eliminate  the  cause  of 
bias  in  the  FVM  system. 
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CONCLUSIONS 


Calibration  Pit 


1  m  ~  —  "U  b  4>U/>  ma!  -»rrt  4-  -1  avi  n  r>  •f*  +-V\  a  4-T.TQn4‘-»r_  -fM  -im  r\  mn  +  r»r\  1  nn  v»  4“  C 

_L  •  XU  WJUCUIV.  UliC  xcxaoiVC  ^UDiUiUiiD  \jx.  untii^j-ixyg  wwn  wa  v^-*-  ^wxiiw^ 

in  the  calibration  pit,  six  widely  separated  control  points  should  be 
observed  before  each  RC-7  camera  exposure  over  the  calibration  pit  is  made. 


2.  Unless  the  check  survey  on  the  six  control  points  indicates  a 
change  in  their  relative  positions  a  complete  pit  calibration  on  all 
twenty-five  control  points  is  not  necessary. 

3.  Directions  to  the  four  stations  of  the  quadrilateral  and  to  the 
two  control  points  simulating  the  center  line  of  the  gun  barrel  can  be 
made  to  within  2  seconds  of  arc ,  and  directions  to  the  twenty-five  pit 
control  points  can  be  made  to  within  5  seconds  of  arc .  This  would  insure 
a  sufficiently  accurate  determination  of  the  relation  between  the  gun  and 
the  EC -7  camera. 


RC-7  Camera 

1.  Periodic  cone  calibrations  would  make  it  possible  to  observe  any 
changes  of  metric  significance  in  this  basic  measuring  instrument. 

The  RC-7  cone  should  be  calibrated  by  taking  star  exposures  at  the 

Mn-J  r>rr  r\-P  oor*V\  rrv*/~vi  vn  r»-P  -fM  vi  ct  a  fPVia  r«cl  ^  fnPftl  1  Pn  O+.Vl  flrifl 

v/x  vuvu  vup  vj.  j.  j.x  xiigw  i  xuw  *  w v» -»  ■*>'**0  w“  «•**«■ 

distortion  curve  thus  determined  would  then  be  used  in  camera  orientation 
reductions  over  the  range. 

Lens  distortion  corrections  should  be  determined  simultaneously  with 
the  RC-7  camera  orientation  reductions  for  all  plates  taken  over  the  cali¬ 
bration  pit. 

2.  Until  the  problem  is  solved  of  maintaining  with  sufficient  accu¬ 
racy  the  interior  orientation  of  the  RC-7  the  elements  X  Y  Z„  for  the  RC-7 
camera  orientations  over  the  range  should  be  enforced  from  the  position  of 
the  RC-7  camera  as  triangulated  by  the  Askania  cameras. 
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3.  Results  from  this  group  of  firings  indicate  that  the  requirement 
of  determining  the  direction  of  the  gun  during  the  time  of  firings  to  within 
1  mil  was  satisfied. 

Askania  Cameras 

1.  Since  a  systematic  error  in  the  orientation  of  the  U.S.C.  and 
G.S,  Triangulation  Net  may  exist,  the  flashes  as  triangulated  by  the  two 
ground  based  Askania  cameras  will  not  necessarily  be  compatible  with  the 
range  control  points  or  the  RC-7  camera  results,  as  determined  from  these 
range  control  points  (page  11,  Reference  (9) ) •  A  rigorous  method  is 
suggested  whereby  the  flashes  can  be  triangulated  by  using  three  ground 
based  cameras  following  the  method  outlined  in  Reference  (9).  The  computed 
coordinates  of  the  flashes  euid  the  RC-7  camera  results  will  then  be  reduced 
to  the  same  local  coordinate  system. 

2.  The  requirements  of  determining  the  relative  space  coordinates  of 
the  aircraft  and  the  burst  to  —  2.0  feet  and  the  velocity  of  the  aircraft 
to  —  2.0  ft/sec  have  been  satisfied. 

Velocity  Cameras 

1.  The  constant  differences  between  the  Projectile  Velocity  Meter 
(PVM)  and  velocity  camera  systems,  if  determined  from  airborne  firings, 
should  be  based  on  a  large  number  of  comparisons.  This  constant  difference 
could  be  much  more  readily  obtained  by  ground-based  comparisons  where  the 
optical  method  can  be  very  accurately  controlled.  In  either  case  the  cause 
of  a  PVM  bias  should  be  understood  and  removed  if  possible. 

2.  The  camera  orientations  of  each  of  the  four  velocity  cameras 
should  be  determined  from  at  least  three  absolute  control  points. 

3.  Scale  for  the  velocity  cameras  is  the  result  of  trie  computed 
coordinates  of  control  points  No.  27  on  the  gun  rod  and  No.  25  in  the  pit. 
This  scale  will  be  adequately  determined  if  directions  to  these  points  are 
known  within  five  seconds  of  arc. 
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4.  Results  from  camera  No.  5  indicated  that  the  stability  of  the 
invar  bar  system  was  greater  than  required. 


5.  It  is  doubtful  that  the  requirement  of  determining  the  projectile 
velocity  to  —  2.0  ft/sec  for  this  small  sample  of  rounds  was  completely 
satisfied.  However,  a  sample  of  approximately  15  rounds,  obtained  with 
suitable  calibration,  would  be  sufficient  to  meet  this  requirement. 


MYRON  W.  LAWRENCE 
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TABLE  1 


XYZ  COORDINATES  'FROM  DIFFERENT  PIT  CALIBRATIONS 
-  (deters) 


Date  of  Cal.  Control  Point  Number 


Calibration 

No. 

9 

15 

17 

19 

23 

25 

28  Feb  1958 

07 

X 

96.3812 

95.1599 

94.6696 

96.3590 

98.0693 

97.5126 

Y 

98.2522 

96.7266 

95.0419 

93.9083 

95.0255 

96.7381 

Z 

.8625 

.8627 

.8646 

.8628 

.8625 

.6976 

28  Feb  1958 

08 

X 

96.3815 

95.1600 

94.6696 

96.3587 

98.0692 

97.5127 

Y 

98.2522 

96.7266 

95.0421 

93.9085 

95.0255 

96.7381 

Z 

.8627 

.8625 

.8647 

.8628 

.8624 

.6975 

3  Mar  1958 

05 

X 

96.3815 

95.1600 

94.6696 

96.3590 

98.0696 

97.5131 

Y 

98.2523 

96.7268 

95.0422 

93.9085 

95.0256 

96.7381 

Z 

.8626 

.8625 

.8645 

.8627 

.8624 

.6975 

3  Mar  1958 

09 

X 

96.3813 

95.1600 

94.6697 

96.3590 

98.0692 

97.5126 

Y 

98.2523 

96.7268 

95.0422 

93.9087 

95.0257 

96.7383 

Z 

.8625 

.8625 

.8645 

.8626 

.8624 

.6975 

4  Mar  1958 

10 

X 

96.3813 

95.1599 

94.6697 

96.3591 

98.0693 

97.5126 

Y 

98.2523 

96.7268 

95.0421 

93.9086 

95.0258 

96.7382 

Z 

.8627 

.8625 

.8645 

.8628 

.8625 

.6975 

10  Mar  1958 

U 

X 

96.3814 

95.1599 

94.6696 

96.3589 

98.0692 

97.5126 

Y 

98.2523 

96.7269 

95.0422 

93.9089 

95.0258 

96.7383 

Z 

.8625 

.8623 

.8644 

.8626 

.8622 

.6973 

11  Mar  1958 

12 

X 

96.3812 

95.1597 

94.6696 

96.3590 

98.0692 

97.5125 

Y 

98.2524 

96.7270 

95.0423 

93.9086 

95.0259 

96.7384 

Z 

.8627 

.8625 

.8643 

.8626 

.8626 

.6975 

21  Mar  1958 

13 

X 

96.3812 

95.1597 

94.6694 

96.3587 

98.0691 

97.5124 

Y 

98.2524 

96.7272 

95.0423 

93.9086 

95.0256 

96.7382 

Z 

.8621 

.8621 

.8639 

.8619 

.8619 

.6971 

21  Mar  1958 

14 

X 

97.5124 

Y 

96.7384 

Z 

.6968 

28  Mar  1958 

15 

X 

96.3809 

95.1597 

94.6693 

96.3586 

98.0691 

97.5123 

Y 

98.2521 

96.7268 

95.0420 

93.9085 

95.0254 

96.7381 

Z 

.8600 

.8602 

.8620 

.8603 

.8600 

.6951 

2  Apr  1958 

16 

X 

96.3809 

95.1597 

94.6695 

96.3589 

98.0691 

97.5125 

Y 

98.2522 

96.7267 

95-0421 

93.9084 

95.0255 

96.7380 

Z 

.8621 

.8623 

.8642 

.8623 

.8638 

.6973 
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TABLE  1  (continued) 


XYZ  COORDINATES  FROM  DIFFERENT  PIT  CALIBRATIONS 
"  ""peters") 


Date  of  Cal.  Control  Point  Number 


Calibration 

No. 

9 

15 

17 

19 

23 

25 

2  Apr  1950 

17 

X 

90 .  poxu 

«/-  *1  1 —  rtfi 

yp.-i-pyo 

rti.  /'/ rtrr 

y*f.ooy  1 

yo . ppyu 

^0  r\/H /~\r\ 

yo  *  uoyu 

Af?  Cl  Ali 

y  [  .  pxtiM- 

Y 

98.2522 

96.7268 

95.0423 

93.9089 

95.0258 

96.7382 

Z 

.8621 

.8623 

.8643 

.8627 

.8624 

.6975 

10  Apr  1958 

18 

X 

96.3807 

95.1598 

94.6693 

96.3587 

rvAO  /— 

98.0689 

a  r—  /\A  f  r 

97.5122 

/-\Z"  mQi 

Y 

Z 

yo  'dyd'd 
.8629 

yo .  (zoy 
.8632 

y2  •  u4^-l 
.8648 

y^.yuo? 

.8633 

.8631 

A*  •  f  JV-L 

.6981 

10  Apr  1958 

19 

X 

96.3817 

95.1601 

94.6699 

96.3593 

98.0692 

97.5126 

Y 

98.2522 

96.7272 

95.0427 

93.9087 

95.0254 

96.7377 

Z 

.8625 

.8622 

.8644 

.8627 

.8624 

.6979 

11  Apr  1958 

20 

X 

96.3805 

95.1596 

94.6693 

96.3587 

98.0688 

97.5121 

Y 

98.2521 

96.7267 

95.0421 

93.9088 

95.0257 

96.7381 

Z 

.8629 

.8632 

.8664 

.8635 

.8630 

.6981 

17  Apr  1958 

21 

X 

96.3810 

95.1598 

94.6696 

96.3589 

98.0690 

97.5123 

Y 

98.2522 

96.7268 

95-0423 

93.9090 

95.0260 

96.7383 

Z 

.8631 

.8632 

.8651 

.8634 

.8634 

.6984 

22  Apr  1958 

22 

X 

96.3816 

95.1605 

94.6703 

96.3594 

98.0690 

97.5124 

Y 

98.2519 

96.7272 

95.0427 

93.9088 

95.0254 

96.7376 

Z 

.8622 

.8622. 

.8641 

.8623 

.8619 

.6972 

22  Apr  1958 

23 

X 

96.3804 

95.1591 

94.6689 

96.3585 

98.0686 

97.5H9 

Y 

98.2517 

96.7261 

95.0412 

93.9079 

95.0251 

96.7375 

Z 

.8624 

.8625 

.8645 

.8629 

.8627 

.6975 

6  May  1958 

24 

X 

96.3822 

95.1601 

94.6694 

96 . 3594 

98.0695 

97.5132 

Y 

98.2523 

96.7277 

95.0431 

93.9087 

95.0249 

96.7372 

Z 

.8622 

.8617 

.8633 

.8621 

.8623 

.6974 

OK 

C-  J 

V 

A. 

r\£  xAnli 

OK  1 RAK 

y  J  *•*-  yy  y 

0I1 

7*r  •  V 

*kAk 

nA 

7O  a  VW  J 

rV7  qion 
7  f  •  yxt-v 

u  piajf  a -y 

Y 

98.2524 

96.7273 

95.0430 

93.9089 

95.0256 

96.7382 

Z 

.8610 

.8618 

.8640 

.8620 

.8614 

.6965 

7  May  1958 

26 

X 

96.3812 

95.1597 

94.6694 

96.3590 

98.0690 

97.5122 

Y 

98.2522 

96.7268 

95.0422 

93.9088 

95.0258 

96.7380 

2 

.8616 

.8617 

.86*17 

■ - -‘'l 

.8621 

.86iq 
- - 

.6068 

- 

8  May  1958 

27 

X 

96.3808 

95.1595 

94.6692 

96.3586 

98.0687 

97.5120 

Y 

98.2522 

96.7268 

95.0422 

93.9089 

95.0257 

96.7380 

Z 

.8611 

.8614 

.8634 

.8617 

.8615 

.6964 
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TABLE  1  (continued) 


XYZ  COORDINATES  FROM  DIFFERENT  PIT  CALIBRATIONS 
-  (Meters ) 


Date  of  Cal.  Control  Point  Number 


Po  1  ■<  V*'r»o+  ■!  r\v\ 

JLW  • 

n 

15  May  1959 

28 

X 

96.3810 

95.1596 

Y 

98.2523 

96.7269 

Z 

.8617 

.8616 

21  May  1958 

29 

X 

96.3812 

95.1595 

Y 

98.2521 

96.7268 

Z 

.8616 

.8614 

22  May  1958 

30 

X 

96.3808 

95.1595 

Y 

98.2519 

96.7266 

Z 

.8610 

.8610 

23  May  1958 

31 

X 

96.3807 

95.1596 

Y 

98.2524 

96.7270 

Z 

.8612 

.8613 

26  May  1958 

32 

X 

96.3809 

95.1597 

Y 

98.2521 

96.7266 

Z 

.8612 

.8612 

27  May  1958 

33 

X 

96.3807 

95.1595 

Y 

98.2520 

96.7265 

Z 

.8624 

.8622 

2  Jun  1958 

34 

X 

96.3809 

95.1594 

Y 

98.2520 

96.7267 

Z 

.8629 

.8624 

4  Jun  1958 

35 

X 

96.3812 

95.1597 

Y 

98.2519 

96.7266 

Z 

.8624 

.8623 

5  Jun  1958 

36 

X 

96.3816 

95.1604 

Y 

98.2520 

96.7272 

Z 

.8622 

.8621 

5  Jun  1958 

37 

X 

96.3804 

95-1591 

Y 

98.2525 

96.7271 

Z 

.8614 

.8615 

*1  /-v  r\-w  « r- 

*2. _ £2 _ £2 


94.6695 

96.3589 

98.0689 

97.5123 

95-0426 

93.9090 

95.0259 

96.7382 

.8638 

.8620 

.8622 

.6972 

94.6694 

96.3587 

98.0690 

97.5124 

95.0420 

93.9084 

95.0252 

96.7379 

.8635 

.8616 

.8627 

.6966 

94.6693 

96.3588 

98.0686 

97.5120 

95.0422 

93.9085 

95.0256 

96.7378 

.8631 

.8612 

.8614 

.6962 

94.6692 

96.3587 

98.0686 

97.5121 

95.0426 

93.9093 

95.0261 

96.7383 

.8635 

.8620 

.8619 

.6968 

94.6695 

96.3589 

98.0689 

97.5124 

95.0421 

93.9086 

95.0257 

96.7380 

.8633 

.8614 

.8616 

.6968 

94.6693 

96.3587 

98.0686 

97.5120 

95.0420 

93.9085 

95.0257 

96.7378 

.8647 

.8634 

.8635 

.6981 

94.6691 

96.3585 

98.0685 

97.5120 

95-0421 

93.9089 

95.0256 

96.7379 

.8644 

.8630 

.8631 

.6980 

94.6695 

96.3600 

98.0688 

97.5123 

95-0421 

93.9067 

95.0256 

96.7377 

.8642 

.8622 

.8628 

.6978 

94.6699 

96.3592 

98.0690 

97.5125 

95.0427 

93.9089 

95.0257 

96.7378 

.8643 

.8624 

.8624 

.6976 

94.6689 

96.3582 

98.0683 

97.5116 

95-0427 

93.9089 

95.0258 

96.7381 

.8640 

.8618 

.8616 

.6968 
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[CABLE  2 


QIBJ3RILKCEEIAL  ANGLES 

SHOVTOSG  ADJUSTED  ARGILS  AND  CORRECTIONS  TO  OBSERVED  ANGLES 


Mean 

Error 


Cal. 

Angle 

Angle- 

Angle 

Angle 

Angle 

Angle 

Angle 

Angle 

Single 

"Date 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

Angle 

4-2°  14 

47°  31T 

47°  391 

42°  26* 

42°„2ir 

47°  24* 

47°  46.' 

42°  33f 

51T27 

56^55" 

“tbott 

"sums- 

10ZJ2 

•""3575^ 

“2 IJIST 

r:62 

9  Feb  1958 

01 

.34 

-.33 

-1.52 

.04 

-.84 

1.02 

-1.22 

-2  .,19 

46.56 

65.85 

40.91 

57.23 

16.01 

64.70 

42.06 

26.68 

1.06 

3  Mar  1958 

05 

-.60 

-1.04 

-.84 

-.55 

-.79 

-.57 

-1.09 

-.32 

10  Apr  1958 

IS' 

50.88 

68.51 

33.87 

55.24 

-1.76 

22!.  38 

65.216 

-1.24 

37.12 

-2.38 

26 .74 

2.24 

2.66 

.88 

1.51 

.37 

-3.12 

46.71 

74.22 

30.(34 

47.28 

28.46 

65.97 

38.29 

29.03 

22  Apr  1958 

22! 

-.79 

-.28 

-.96 

-.22 

-1.04 

-.03 

-.71 

.03 

.90 

51.45 

70.87 

27.51 

55.67 

25.95 

59.12 

39*2(3 

30.17 

3.98 

6  May  1958 

24 

.95 

.57 

-1.49 

-3.33 

-5.55 

-.88 

-2.74 

3.17 

49.15 

75.78 

2.6.09 

48.48 

29.65 

63.53 

38'.  34 

28.98 

3.1 1 

5  Jun  1958 

36 

-3.85 

-.66 

.913 

.15 

-2.22 

-2.91 

-3.02 

.03 

TABLE  3 


ADJUSTED  COORDINATES  OF  QUADRILATERAL  STATIONS 
Cal. 


Date 

No. 

Sta.  A 

Sta.  B 

Sta.  C 

sta.  D( enforced) 

9  Feb 

1958 

01 

X 

92.7745 

X 

92.76i4 

X 

100.0000 

X. 

100.0000 

y 

100.0420 

Y 

93.4311 

Y 

93.4023 

Y 

100.0000 

3  Mar 

1958 

05 

X 

92.7745 

X 

92.7610 

X 

100.0000 

X 

100.0000 

y 

100.0423 

Y 

93.4310 

Y 

93.4023 

Y 

100.0000 

10  Apr 

1958 

19 

X 

92.77^ 

X 

92.7610 

X 

100.0000 

X 

100.0000 

Y 

100.0422 

Y 

93.4308 

Y 

93.4023 

Y 

100.0000 

22  Apr 

1958 

OO 

cc 

V 

A. 

92.7744 

X 

92.7607 

X 

100.0000 

X 

i  r\d  iv\An 
o.w  1  ww 

y 

100.0423 

Y 

93.4306 

Y 

93.4023 

Y 

100.0000 

6  May 

1958 

24 

X 

92.7748 

X 

92.7610 

X 

100.0000 

X 

100.0000 

Y 

100.0424 

Y 

93.4309 

Y 

93.4023 

Y 

100.0000 

5  Jun 

1958 

3 6 

X 

92.7746 

X 

92.7607 

X 

100.0000 

X 

100.0000 

Y 

100.0423 

Y 

93.4306 

Y 

93.4023 

Y 

100.0000 
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ADJUSTED  LENGTHS  BE 


Date 

Cal. 

No . 

A-B 

B-C 

9  Feb  1958 

01 

6.61094 

7.23862 

3  Mar  1958 

05 

6.61130 

7.23910 

10  Apr  1958 

19 

6.61137 

7.23902 

22  Apr  1958 

22 

61. 61173 

7.23936 

6  May  1958 

24 

6.61148 

7.23907 

5  Jun  1958 

36 

6.61169 

7.23931 

C~D  enforced 


IEEN  QUJlDRILATEIRAL  STATIONS 
Metei’sJ 


C-D* 

D-A 

A-C 

B-D 

6.59770 

7.22565 

9.81294 

9.77485 

6.59770 

7.22566 

9.81318 

9.77521 

6.59770 

7.22552 

9.8129 6 

9.77531 

6.39770 

7.22570 

9.81318 

9.77573 

6.59770 

7.22530 

9.81293 

9.77529 

6.59770 

7.22553 

9.81305 

9.77567 

TABLE  5 


Bate  of  Cal. 

Calibration  No. 


28  Feb  1958 

07 

28  Feb  1958 

08 

3  Mar  1958 

05 

3  Mar  1958 

09 

k  Mar  1958 

10 

10  Mar  1958 

11 

11  Mar  1958 

12 

21  Mar  1958 

13 

21  Mar  195® 

Ik 

28  Mar  1958 

15 

2  Apr  1958 

16 

7  Apr  1958 

17 

10  Apr  1958 

18 

10  Apr  1958 

19 

11  Apr  1958 

20 

17  Apr  1958 

21 

22  Apr  1958 

22 

22  Apr  1958 

23 

6  May  1958 

2k 

6  May  1958 

25 

7  May  1958 

26 

8  May  1958 

27 

15  May  1958 

28 

ADJUSTED  Z  COORDINATES 
(Meters ) 

9  15  17 


.8625 

.8627 

.86k6 

.8627 

.8623 

.86k7 

.8626 

.8623 

.86k5 

.8625 

.8625 

.86k5 

.8627 

.8625 

.86k5 

.8625 

.8623 

.86kk 

.8627 

.8625 

86k3 

.8621 

.8621 

.8639 

.8600 

.8602 

.8620 

.8621 

.8623 

.86k2 

.8621 

.8623 

•86k3 

.8629, 

.8632 

.86  k8 

.8625 

.8622 

.8 6kk 

.8629 

.8632 

.866k 

.8631 

.8632 

.8651 

.8622 

.8622 

.86kl 

.862k 

.8625 

.86k5 

.8622 

.8617 

.8633 

.8610 

.8618 

,86k0 

.8616 

.8617 

.8637 

.8611 

86lk 

.863k 

.8617 

.8616 

.8638 

19 

23 

25 

.8628 

.8625 

.6976 

.8628 

.862k 

.6975 

.8627 

.862k 

.6975 

.862 6 

.862k 

.6975 

.8628 

.8625 

.6975 

.8626 

.8622 

.6973 

.8626 

.8626 

.6975 

.8619 

.8619 

.6971 

.6968 

.8603 

.8600 

.6951 

.8623 

.8638 

.6973 

.8627 

.862k 

.6975 

.8633 

.8631 

.6981 

.8627 

.862k 

.6979 

.8635 

.8630 

.6981 

.863k 

.863k 

.698k 

.8623 

.8619 

.6972 

.8629 

.8627 

.6975 

.8621 

.8623 

.697k 

.6620 

.86lk 

.6965 

.8621 

.8619 

.6968 

.8617 

.8615 

.696k 

.8620 

.8622 

.6972 
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TABLE  5  (continued) 


Date  of  Cal > 

Calibration  No. 

21  May  1958  29 

22  May  195 8  ^  30 

23  May  1958  31 

26  May  1958  52 

27  May  1958  33 

2  Jun  1958  34 

If  Jun  1958  55 

.5  Jun  1958  36 

5  Jun  1958  37 


ADJUSTED  Z  C00KDIKATES 
~~~  (Meters ) 

9  15  17 


.8616 

.8614 

.8635 

.8610 

.8610 

.8631 

.8612 

.8613 

.8635 

.8612 

.8612 

.8633 

.8624 

.8622 

.8647 

.8629 

.8624 

.8644 

.8624 

.8623 

.8642 

.8622 

.8621 

.8643 

.8614 

.8615 

.8640 

19 

23 

25 

.8616 

.8627 

.6966 

.8612 

.8614 

.6962 

.8620 

.8619 

.6968 

.8614 

.8616 

.6968 

.8634 

.8635 

.6981 

.8630 

.8631 

.6980 

.8622 

.8628 

.6978 

.8624 

.8624 

.6976 

.8618 

.8616 

.6968 
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TABLE  6 


COMPUTED  DISTANCE  BETWEEN  CONTROL  POINTS  OH  GUN  ROD 
(II  Feb  to  21  May  Runs) 


pt.  26  pt =  27 

X  X 

Cal.  X  Y 

Date  No .  Z  Z 


11  Feb  195o 

•t  T  n  O 

±2  u  eo 

20  Feb  1958 
20  Feb  1958 
28  Feb  195o 
28  Feb  1958 

3  Mar  1958 

4  Mar  1958 

10  Mar  1958 

11  Mar  1958 


02 

03 


04 


06 

07 


06 

09 

10 

11 

12 


97.3123 

96.6148 

5.0124 

97.5373 
96 .6000 
5.0304 

97*5464 

96.7039 

5.0387 

97-3464 

96.7039 

5.0387 

97.5212 

96.7851 

5.0213 

97.3855 

96.7554 

5.0282 

97.3570 

96.7143 

5.0326 

97.3668 

_  /•  yn  — 

90.0077 
5 . 0451 

97.3689 

96.7415 

c  r\*"\  rr/*\ 

97.3446 

96.7514 

5.0444 


97.3250 

96.6174 

4.1603 

97.3545 

96.6023 

4.1784 

97.3636 

ryr\Cr\ 
yu.  [\juy 

li  lAffl 


97.3636 

96.7069 

k  iA£A 

*T  • 

97.3370 

96.7890 

4.1692 

97.4021 

nr-no 

90.7500 

4.1762 

97.3535 

96.7185 

4.1809 

97.3844 

96.6913 

4.1911 

97.3838 

96.7433 

t .  -1  r-r/*.  rt 

4.-L(*9 

97-3614 

96.7530 

4.1924 


^X 


AT 

AZ 

Diet. 

Meters 

Y 

mm 

YV 

.0135 

.0026 

-.8521 

.8522 

.04 

nm  £ 

•  wxu 

.0172 
.0023 
-  .8520 

.8522 

.04 

.0016 

.0172 
•  KAJJW 

_  Ariq 

.8521 

1). 

•  J-T 

m  n/C 

.0172 

.0050 

Art  n  Akoi 


_  flRin 

.8521 

1  li 

m  rk£ 

*xt 

•  wx^w 

.0156 

.0039 

Akoi 

-  JL 

.8522 

.04 

.0016 

.0166 

.0034 

-.8520 

.8522 

.04 

.0016 

.0165 

.0042 

-.8517 

.8519 

.34 

•1  *1  rZT 

.  -LX  20 

.0176 

.0030 

-.opzu 

.8522 

.04 

.0016 

.0149 

.0018 

O  1— 

-.05«;x 

.8522 

.04 

.0016 

.0168 
.0016 
-  .8520 

.8522 

.04 

.0016 

no 


TABLE  6  (continued)- 


COMPUTED  DISTANCE  BETWEEN  CONTROL  POINTS  ON  GUN  ROD 
(ll  Feb  to  21  May  Runs; 


Date 

Cal. 

No. 

Pt.  26 

X 

Y 

Z 

Pt.  27 

X 

Y 

Z 

Ajc 

Dist. 

Meters 

V 

mm 

vy 

21  Mar  1958 

13 

97.3659 

96.6885 

5.0372 

97.3837 

96.6878 

4.1851 

.0178 

rv\r\*-r 
-  •  uw  [ 

_ 

_  fW 

.8523 

-.06 

.0036* 

21  Mar  1958  14 

( rec alibrat ion ) 

97.3651 

96.6994 

5.0356 

97.3625 

96.6987 

4.1834 

.OI74 

-.0007 

-.8522 

.8524 

-.16 

.0256 

28  Mar  1958 

15 

97.3725 

-  ✓  ✓  A  *  _ 

90.0007 

5.0438 

97.3890 

_  /•  /m  1. 

90.0044 

4.1917 

.0105 

/n/\  irv 

-.8521 

.8523 

-.06 

.0036 

2  Apr  1958 

16 

97-3574 

96.7266 

97.3738 

96.7314 

.0164 

.0048 

aL 

•  VT 

.0016 

p.0420 

4.1900 

ft  coo 

-  JC.\J 

Akoo 

tV 

7  Apr  1958 

17 

97.3702 

96.6695 

5.0416 

97.3875 

96.6740 

4.1895 

.0173 

.0045 

Ocoi 

Arox 

_  a£ 

•*  .  w 

AA^ 

•  wyv 

10  Apr  1958 

18 

97.3819 

96.7150 

5.0381 

97.3973 

96.7190 

4.185o 

.0154 

.0040 

- 

.8524 

-.16 

aorA 

•  \jf~y w 

11  Apr  1958 

20  . 

97.3627 

96.7056 

5.0429 

97.3983 

96.6954 

4.1908 

.0356 

-.0102 

-.8521 

.8529 

-'.66 

.4356 

17  Apr  1958 

21 

97.3710 

96.6874 

5.0359 

97.3867 

96.6902 

4.1837 

.0157 

.0028 

-.8522 

.8523 

-.06 

.0036 

22  Apr  1958 

23 

97.3508 

96.6783 

5.0296 

97*3651 
96 .6800 
A.lYTP 

.0149 

.0025 

O  f- Ml 

-.opiii 

O  BAA 

/Nil 

•  w-t 

.0016 

6  May  1958 

25 

97.3693 

96.7135 

5.0147 

97.3832 

96.7179 

4.1627 

.013? 

.0044 

-.8520 

1 

O 

.OpSJL 

.14 

.0196 

7  May  1958 

26 

97.3642 

96.6982 

5.0360 

97.3795 

96.7016 

4.1840 

.0153 

.0034 

-.8520 

.8521 

.14 

.0196 

s  ^ 

1X1 


5.0167  4.1759  -.6426  .6427  5.13  26.. 5169 

27Mayl95S  33  97*3674  97.3816  .0142 

96.7330  96.7359  .0029 

5.0304  4.1788  -.8516  .8517  -3.67  13.4689 
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DISTANCE  BETWEEN  CONTROL  POINTS  ON  GUN  ROD 
(11  Feb  to  21  May  Runs’) 


TABLE  6  (continued) 


COMPUTED  DISTANCE  BETWEEN  CONTROL  POINTS  ON  ffUW  ROD 
(22  May  to  5  June  RuniT 


Pt.  26 
X 


Cal. 

Y 

Date 

No. 

Z 

2  Jun  1958 

34 

97.3725 

96.6409 

5.0332 

4  Jun  195o 

35 

97.3612 

96.6928 

5.0329 

5  Jun  i95o 

-rr* 

2T 

/\rr 

yf.ZJOiZ 

96.7313 

5.0328 

Pt.  27 


X 

Y 

Z 

AX 

at 

Az 

Dist . 
Meters 

V 

mm 

97.3891 

96.6455 

4.1823 

.0166 

.0046 

-.8509 

.8511 

-3.07 

rvr7  VryrTA 
?(•:>( 

96.6956 

4.1898 

.Ul/J 

.0028 
- .8431 

.8432 

4.83 

97.3728 

^ • 1 
4.1820 

aaIi  n 

•  WTV 
-.8508 

.8509 

-2.87 

w 

9.4249 

23.3289 

8.2369 


Average 


84803  sue.  =  —  4.05sua 


tAbLe  7 


MEAN  ERRORS  OF  CONTROL  POINTS 
FROM  3  MARCH  PIP  CALIBRATION^ 


Control 

Point 

m.e.  single 
direction 
( eec  •  b  of  sure ) 

m.e.  Ax 
(mm) 

m.e.  AT 
(mm) 

pf 

i  iq«;i 

±.0860 

f 

—  | 

«4» 

4- _ 

+ _ 

8 

-1.43 

-.0297 

-.0155 

9 

±2.76 

i.0551 

±.0387 

i  n 

±A  6’ ■ 

-  — S' 

±.1054 

-*•7 

4*a  .a 

-0.50 

- r  - 

+  11I.Q 

20 

—  .XJ-*+U 

21 

±8.06 

±.1479 

±.1228 

Average 

^•06 

±.1390 

±.0803 

Approximate  uncertainty 


in  control  point  po eit lone: 


2 

+  .oror 


1605mm 


TABLE  8 


MEAN  ERRORS  OF  CONTROL  POINTS 
FROM  22  APRIL  PIT  CALIBRATION 


Control 

Foint 

m.e.  single 
direction 
(sec1 s  of  arc) 

m.e.  AX 
(mm) 

m.e.  AT 
(mm) 

7 

-12.73  ' 

±.3481 

±.1530 

8 

—20 . 32 

±.4210 

±.2774 

9 

-18.53 

±.3697 

±.2600 

19 

±36. 49 

±.9872 

±.4460 

20 

±33.71 

±.6959 

±.46l8 

21 

±31.32 

-•5745 

±.4771 

Average 

±25.52 

4- 

~.5bbl 

±.3462 

Approximate  uncertainty  In  control  point  positions: 

2  2 

75661“  +  .3462  =  .6636mm 


LWCJ. 

1/ 


riS 


TABLE  9 


MEAN  ERRORS  OF  GOKERQL  POIKPS 
FROM  b  MAY  PIT  0 ALTERATION 


Control 

Point 

m.e.  single 
direction 
(sec*  s  of  arc) 

m.e.  AX 
(mm) 

m.e.  AT 
(mm) 

7 

±26. 52 

±.7250  ' 

±.5227 

8 

±54.08 

±.7059 

±.4651 

9 

±54.52 

±.6888 

±.4844 

19 

±47.50 

±1.2795 

-•5778 

20 

±45.47 

±.9389 

1  oi^pu 

21 

±44.66 

±.8195 

±.6805 

Average 

±58.76 

±.8596 

±.5256 

Approximate  uncertainty  in  control  point  positions: 
\/  2  2 
V  .8596'  +  .5256  -  1.0076mm 

r  *  -  -  ' 
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TABLE  10 


RESULTS  OF  TWO  METHODS  OF  REDUCING 
PIT  CONTROL  POINT  COORDINATES 


Pt. 

No. 


X 


I* 


y 


II* 

X  Y 


METERS 

it 

3  March  Quadrilateral  1.06 


III* 

AX  AT 


7 

96. 1*0427 

96.57193 

96.40434 

99.57197 

-.00007 

-.00004 

8 

96.38496 

98.45211 

96.38493 

98.45212 

.00003 

-.00001 

9 

96.38155 

98.25234 

96.38151 

98,25234 

.00004 

.00000 

19  . 

96.35897 

93.90848 

96.35900 

93.90853 

-.00003 

-.00005 

20 

96.37503 

95.00592 

96.37497 

95.00590 

.00006 

.00002 

21 

96.39222 

95.81815 

96 . 39208 

95.81801 

.00014 

.00014 

Average  *  .00005 

If 

22  April  Quadrilateral  0.90 


7 

96.40391 

99.57160 

96.40386 

99.57170 

.00005 

-.00010 

8 

96.38472 

98.45165 

96.38498 

98.45162 

-.00026 

.00003 

9 

96.38129 

98.25198 

96.38157 

98.25192 

-.00028 

.00006 

19 

96.35900 

93.90888 

96.35938 

93.90881 

-.00038 

.00007 

20 

96,37502 

95,00617 

96,37448 

95,00619 

,00054 

- .00002 

21 

96.39207 

95.81824 

96.39117 

95.81852 

.00090 

-.00028 

Average  =  .00025 


II 


6  May  Quadrilateral. 

3.98 

7 

96.40452 

99.57210 

96.40414 

99.57208 

.00038 

.00002 

8 

96.38502 

98.45214 

96.38555 

98.45218 

-.00053 

-.00004 

9 

96.38155 

98.25230 

96.38219 

98.25234 

-.00064 

-.00004 

19 

96.35886 

93.90869 

96.35938 

93.90873 

-.00052 

-.00004 

20 

96.37520 

95.00597 

96 . 37444 

95.00597 

+.00076 

.00000 

21 

96.39231 

95.81814 

96.39090 

95.81803 

.00141 

.00011 

Average  *  .00037 


*  I  -  Final  XY  coordinates  of  Control  Points  by  Least  Squares  Adjustment 


II  -  Final  XY  coordinates  of  Control  Points  by  Averaging  the  6  sets  of 
Coordinates  as  obtained  from  the  6  Baselines. 


Ill  -  Difference  between  the  2  methods. 


OTT 


TABLE  11 


COMPARISONS  OF  TWO  SETS  OF  RC-T  CAMERA  ORIENTATIONS 
OVER  CALIBRATION  PIT 
(enforcing  c ,  and.  y  ) 


Cal  . 
No. 

Dsite  Control 
Pts.  Surveyed 

Date  of 
Mission 

m.e.* 

a 

m.e.  a 

CD 

m.e.  co 

K 

m.e.  K 

X 

0 

m.e,,  X 

0 

Y 

0 

m.e.  Y 

0 

z 

0 

m.e.  J 

grads 

V 

4 

meters 

SI3T  1 

v - 

- 7 

V 

> 

05 

3  March 

7  May 

k.9 

198.226 

.224 

-49.1+80 

96.437 

96.705 

5.668 

.0065 

.0052 

• 

8 

H 

/’"Vn 

Lf\ 

O 

8 

. 

.0004 

.0010 

24 

6  May 

7  May 

8.7 

198.215 

.235 

-49.1+65 

96.436 

96.7014 

5.668 

.0115 

.0092 

.0032 

.0009 

.0008 

.0017 

SET  2 

05 

3  March 

8  May 

5.9 

198.277 

.206 

-49.395 

96.413 

96.720 

5.661 

.0077 

.0063 

.0021 

.0006 

.0005 

.0012 

2k 

6  May 

8  May 

8.4 

198.226 

.216 

-49.380 

96.412 

96.720 

5.661 

.0110 

.OO89 

.0030 

.0009 

.0008 

.0016 

* 

Mean  error  in  microns  of  a  single  pla.te  measurement  of  unit  weight 


TABLE  12 


COMPARATOR  CODE 


(RC-7  Camera  over  the  range  for  21  March  M2/P1) 


INPUT 

1 

y 

(meters) 

.115985 


Fiducial 

Mark 

100 

.128851 

200 

.259609 

500 

.258816 

400 

.129619 

Control 

Point 

9 

.255860 

24 

.146768 

21 

.158575 

.12 

.240821 

13 

.225125 

16 

. 211016 

17 

.192655 

.245193 

.115225 

.245968 


.225482  .75968716 
.141619  -.61147444 
.258520  .15215875 
.150847  -.18129945 
.250030  .55307777 
.153105  -.21451156 
.255042  .57155506 


OUTPUT** 

1 

y 

(meters) 


-01 

-.99804294 

-02 

-01 

.56284817 

-02 

-01 

r\.  r  ^ 

•  OOXJ.OHOU 

-01 

CM 

O 

l 

-  .68155299 

-01 

-01 

.14855680 

-01 

-01 

-.45587507 

m 

-ux 

-01 

.39857333 

-01 

Original  plate  measurements  as  given  by # comparator j  multiple  settings 
were  made,  however  only  averages  are  Bhown  here. 


Reduced  or  final  plate  measurements^ 
camera  orientation  code • 


■\  r-i  /~v  ■» rn  1  ncic  o  V* q  ■Po/l  4  rvl"  n  V>  o 

vgu-u^u  ox  w  j.  “u.  IUwO  one 
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TABLE  15 


RC-7  ORIENTATION  OVER  THE  CALIBRATION  PIT 

(enforcing  c ,  x  &  y  ) 

P  P 

Showing  residuals  in  the  plate  measurements  and  control  points 
Calibration  Date  21  March 


Control 

Residual  in  the 

Residual 

in  the  Control  Points 

Point  No. 

Plate  Measurement 

(microns) 

(millimeters) 

l 

l 

X 

Y 

z 

X 

y 

1 

-2.1 

-2.5 

-.014 

.159 

-.008 

2 

0.7 

-2.3 

-.100 

.054 

-.034 

3 

-1.4 

-1.2 

.008 

.088 

.003 

4 

1.3 

-0.2 

-.051 

-.038 

-.050 

5 

-0.5 

0.4 

.028 

.003 

.011 

6 

0.6 

-0.2 

-.025 

-.012 

-.009 

7 

.  n  A 

V  •  w 

2  2 

oc;Il 

•  V  /  T 

_  no  c; 

_  nc;7 

^  t  vy  j 

8 

-0.4 

l3 

.065 

-.036 

-.014 

9 

1.6 

0.6 

-.035 

-.075 

-.024 

10 

-0.2 

-2.7 

-.086 

.099 

.106 

11 

-1.3 

0.8 

.071 

.017 

-.019 

12 

-0.2 

1.8 

.067 

-.054 

-.025 

13 

0.8 

-2.1 

-.099 

.042 

.060 

14 

-0.3 

0.7 

.033 

-.013 

-.012 

15 

1.7 

-0.4 

-.072 

-.044 

.019 

16 

-3.3 

0.3 

.123 

.099 

-.125 

17 

1.7 

2.1 

.009 

-.126 

.o4o 

18 

0.8 

0.4 

-.014 

-.038 

.008 

19 

-0.1 

-2.7 

-.085 

.095 

-.054 

20 

2.1 

0.0 

-.074 

-.070 

.026 

21' 

-0.2 

-0.5 

-.011 

.022 

-.004 

22 

1.7 

1-9 

.002 

-.125 

.071 

23 

0.3 

2.9 

.087 

-.110 

.068 

24 

-0.5 

0.3 

.029 

.005 

.002 

25 

-5.7 

-0.9 

.099 

.163 

.022 
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TABLE  l4 


RC-7  ORIENTATION  OVER  THE  RANGE 
(enforcing  XQ,  Yq,  Zq) 

Showing  residuals  in  the  plate  measurements  and  control  points 
Date:  21  Mar  M2/P1 


Control 
Point  No. 


Residual  in  the  Residual  in  the  Control  Points 

Plate  Measurement 

(microns )  (meters ) 


» 

A* 

l 

X 

Y 

z 

X 

~y 

9 

-1.2 

1.2 

.16 

.02 

.10 

12 

-2.7 

-1.5 

•05 

.29 

.09 

13 

-0.3 

-1.0 

-.06 

.08 

.05 

16 

2.3 

-1.1 

04 

04 

• 

l 

-.n 

H 

O 

• 

1 

17 

0.4 

0.8 

.03 

-.08 

-.04 

21 

-0.5 

1.3 

1 

,±t£ 

-.05 

~.U( 

24 

1.7 

0.3 

-.08 

-.14 

.09 
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Mies.  Ho 


11 


2.2 


15 


JJS  OF  EC-7  OVER  BAHGE 

*  &  y_**) 


METERS 

To 

m.e.  T 
o 

-6l3.4o8 

.615 

-613.545 

.843 

-495.023 

.866 

-204.972 

1.061 

-687.188 

.559 

-690.363 

.874 

-778.052 

•914 

-777.666 

.410 

-273.456 

.956 

-351.200 

.568 

-549.352 

.814 


z 

o 

m.e.  Z_ 
o 

9599.050 

.150 

9599.283 

.206 

9H82.221 

.240 

9589.176 

.312 

9660.671 

.138 

9660.614 

.206 

9663.365 

.271 

9663.799 

.122 

9546.289 

.264 

9561.168 

.152 

9639.OOO 

.232 


m.e.  a 
g 

197.820 

.0034 

197.821 

.0047 

197.755 

.0043 

196.129 

.0054 

197.532 

.0031 

197.536 

.0047 

197.916 

.0046 

197.918 

.0021 

197.641 

.0049 

197.708 

.0028 

197.836 

.0040 


GRADS 


CD 

g 

m.e.  cd 
t 

-  »i6o 
.0033 

-  .161 
.0046 

.279 

.0047 

2.246 

.0057 

-1.933 

.0030 

-1.918 

.0047 

.660 

.0049 

.657 

.0022 

2.951 

.0052 

1.243 

.0031 

.396 

.0044 


m.e.  k 

g 

-53.159 

.0009 

-53.156 

.0012 

-57.310 

.0014 

-55.583 

.0017 

-53.280 

.0008 

-53.279 

.0012 

-52.597 

.0016 

-52.601 

.0007 

-53.364 

.0015 

-52.739 

.0009 

-53.886 

.0013 


TABLE  15  (continued) 


CAMERA  QRIErcEATIQN  KESUUTS  OF  RC-7  OVER  RiMJGE 


ccT 

CQ 

ct5 

(enforcing  c , 

p  p 

• 

0 

♦ 

MISTERS 

GRADS 

ID 

l 

• 

OQ  <D 

CO  -P 

CD 

ID 

3 

• 

<D 

X 

0 

Y 

0 

z 

0 

a 

g 

<0 

g 

K 

g 

03 

:s  0 

i-l 

2S 

O 

P* 

& 

m.e.  XQ 

m.e.  Y 

0 

m.e.  Z 

0 

m.e.  a 

S 

m.e. 

g 

m.e.  K 

g 

1.2  11  Apr 

1/5-2 

7 

1.8 

3288.796 

-619.851 

9635.572 

198. 5B7 

-  .115 

-53.407 

.557 

.671 

.177 

.0032 

.0036 

.0010 

13  7  May 

1/1 

5 

1.8 

1957-467 

-488.366 

9686.621. 

197.257 

-2.991 

-56.811 

.696 

.869 

.228 

.0040 

.0048 

.0012 

l4  7  May 

1/2 

5 

2.7 

1747. 189 

-212.970 

9533.794 

196.997 

1.714 

-37.526 

1.028 

1.242 

.314 

.0061 

.0068 

.0018 

15  7  May 

iA 

5 

2.9 

1791.185 

-390.422 

9617.879 

196.726 

'.734 

-58.140 

1.121 

1.374 

.353 

.0066 

.0075 

.0020 

16  8  May 

5/1 

6 

3.4 

1808.929 

-448.490 

9699.414 

197.091 

2.771 

-50.466 

1.285 

1.522 

.448 

.0076 

.0080 

.0023 

17  8  May 

3/2 

4 

2.8 

1829.620 

-<545 .439 

9685.137 

197.640 

1.313 

-51.552 

1.446 

1.556 

.379 

.0087 

.0084 

.0022 

AuVg. 

m.e. 

-  2.1 

.801 

.924 

.246 

.0047 

.0050 

.0014 

•*  Check  Ron 
**  c  =  .10055 

If 

** 

II 

X* 

•v 

0 

+hh*  ntoobeT  of 

control  points  measured 

**#■*■  inw^ri  error  in  microns  of  cl  single  measurement  of  unit  velght 


CAMERA-  CRTTHETJVriOy  KESUKTS  OF  IRC -7  OVER  R/UpE 
(enfoix*Tng"X  Y  Z  from  Askania  Res^iltsH 


p<  t— 


p*  • 
S  <D 


ft 


O  J- 

o 

O  ON 


'S 

H  H 
O 

8  3 


A 

CM 

O 

O 

CO 

r*  a 
rA 

O  ON 

c O 
H 

8 

O  -J 

O 

w 

o 

u 

o 


Cl  rj 

>r  =h 


o 

P*  O 


K-H  V4 
0 


0) 

a 


&  ^ 
la  A 


CM 

CO 

8 

u\ 

rA 

Q  CM 

H 

J- 

O 

CM 

O 

O  ON 

0 

8 

O 

9 

O 

O 

O 

fA 

H 

%  ^ 
LA  t— 

8  CM 


LA  CM 
O  • 

o  A 


& 


o 

o 

o 


ON 


Lf\  f —  LA  LA 
8  a  8  H 


8 

8  00 


8 


CO 

CM 


A 

O  CM 


8n 

U"N  LA 


8 


CM 

LfN 


O 

I 


LA  h- 

8  H 


to 

* 

ON 

LA 

H 

H 

8 

rH 

NO 

LA 

H 

c- 

r— 1 

rA 

ft 

rH 

CM 

CO 

(v_  (v_ 

CM  8 

8 

LA 

A 

H 

ft 

CM 

a! 

rA 

LA 

8 

0 

LA 

8 

• 

rA 

LA 

8 

LA 

LA 

8 

rA  8 
LA 

CM 

LA 

l 

8 

rA 

LA 

1 

8 

NO 

CM 

LA 

I 


ft 

A 

LA 

I 


to 


On  la 

»  8 


CM  H 

»  3 


5 

CM 


*  N 

IA 

On 


O  GU 

«  3 


LTV  UJ 

8  8 


ft  ft 

VO  Q 


IA 

ON 


_b0 

ON 

J 

ON 

O 

CO  O 

S 

0) 

&  8 

&  • 

cK 

fl 

rH 

rH 

rH 

LA 

21 

8 


&  ^ 
'lA  ft 


-4- 

_ i 

ON 


ft  co 

LA  CM 

8  8- 
r-i 


8 

ON 


« 

VO 


) 

) 

) 


tS3 


g> 

LA 


CV1 

LA 

-J 

Jr 

H 


?R 

a 


CM 

€ 

$ 

^*4 

I 


CM 

CM 

O 

8 


O 

s 

3 


A 

ON 

LA 


O 

8 

8 

ru 

7 


vO 

N- 

fA 


fc“ 


CM 


A 

CM 


& 

ON 


—4  r~ 

*  * 


CM 

J- 


O 

LA 

IA 

ON 


CM 

O 

CM 

rH 

r- 

NO 

t— 

J 

& 

£ 

CM 

cQ 

cvj 

LA 

ft 

$ 

ft 

t — 
CM 

X 


•  a*ui 


•pH/8SiBd/SB9  tW 


9^Q 


J- 

rH 

J- 

h- 

ft 

rA 

r~ 

J 

CM 

8 

NO 

ON 

ft 

A 

CM 

GO 

ft 

A 

ON 

3 

» 

• 

t- 

_=*- 

ft 

H 

VO 

IA 

c— 

3 

A 

r- 

i 

LA 

A 

ft 

Cvj 

CM 

3 

'8 

ft 

t- 

H 

h- 

H 

LA 

A 

r— 

H 

CM 

VO 

CM 

LA 

ON 

J- 

ON 

J 

O 

CM 

CM 

rA 

CM 

H 

A 

-t- 

n— 

_r± 

vn 

J- 

VO 

A 

NO 

VO 

H 

CM 

ft 

&J 

1 — 1 

1 

CM 

rH 

_CM 

1 

_r— t 

1 

rH 

H 

rH 

CM 

rH 

cvT 

rH 

c\T 

rA 

rA 

A 

A 

H 

1 

1 

i 

1 

p 

l 

I 

1 

H 

§ 

rH 

0J 

rH 

Cvj 

H 

CM 

co 

CM 

0 

.—I 

O 

j-j 

O 

rH 

O 

H 

a 

rH 

c\j 

rA 

J 

LA 

NO 

t— 

CO 

ON 
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0056  .0061  .0018  5.2  11.2  10.9 


TABLE  16  (continued) 


CAMERA.  ORIENTATION  RESULTS  OF  RC-70VER  RANGE 


fen forcing  XQ 

Y  Z  from  Askania  Results;) 

0  0  ' 

a 

to" 

METERS 

GRADS 

x  ,  y  in  1METERS 
p  p 

to 

aj, 

* 

m.€s.  in  microns 

P-. 

* 

* 

IQ 

* 

a 

03 

*g 

c 

X 

0) 

(Cl 

g 

g 

P 

p 

■§ 

P 

(£l 

T-l 

2: 

«r4 

s 

a> 

e 

Xo 

Yo 

Z 

0 

m.e.  a; 

g 

m.e.  03 

g 

m.e.  k 

g 

m.e.  c 

m.e.  x 

P 

m.e.  yp 

10 

11  Apr 

1/2-2 

6 

1.7 

3600.896 

-357-400 

9566. 298 

197.' 706 

1.244 

-52.739 

.100610 

-.000096. 

.000010 

.0030 

.0035 

.0010 

1.9 

6.2 

6.2 

11 

ill  Apr 

1/3-1 

7 

2.1 

1815.220 

-552.959 

9643.2(37 

197 .8356 

.396 

-53.886 

.100596 

-.000053 

.000004 

.0040 

.0043 

.0013 

2.3 

7.6 

8.0 

12 

ill  Apr’ 

1/3-2 

7 

2.0 

3283.635 

-626.962 

9640.157 

198.586 

-  .114 

-53.406 

.100599 

-.000089 

-.000011 

.0036 

.0041 

.0011 

2.1 

7.1 

7.4 

13 

7  May 

1/1 

5 

2,0 

1955.168 

-488.474 

$3692.633 

197.255 

-2.993 

-56.810 

.100615 

-.000029 

.000026 

.0042 

.0051 

.0013 

2.9 

8.6 

8.8 

lit 

7  May 

1/2 

5 

3.1 

1744.571 

-217.855 

9539.128 

196.9-95 

1.715 

-57.526 

.100611 

-.000051 

-.000012 

.0070 

.0077 

.0021 

3.6 

13.1 

14. 3 

15 

7  May 

1/lt 

5 

3.5 

1786.280 

-395.136 

'9622.045 

196.724 

.734 

-58.140 

.100598' 

-.000067 

.000007 

.0080 

.0090 

.0024 

4.3 

15.3 

16.2 

16 

8  May 

5/1 

6 

3.2 

1803.757 

-461.058 

9702.347 

197.085 

2.766 

-50.465 

.100596 

-.000127 

-.,000066 

.0071 

.0081 

.0023 

4.1 

13.7 

14.6 

17 

8  May 

3/2 

it 

2. it 

1826.179 

-646.738 

O 

0- 

CVi 

a 

* 

197.640 

1.314 

-51.553 

.100606 

-.000031 

.000017 

.0074 

.0072 

.0019 

3.4 

13.6 

13.4 

Avg. 

m.e. 

=  2.2 

.0048 

.0052 

.0014 

2.6 

9-2 

9-fc 

*  Check  Bon 

**  Humber  of  control  points  measured 

***  m.e*  in  microns  of  a  single  measurement  of  unit  weight 


TABUS  17 


H 

ro 

ON 


CAMERA  ORIENTATION  IRESUITS  01?  RC-7  OVER  CALIBRATION  PIT 


(enforcing  c 


%  meters: 


CD 

Ifl 

QQ 

-P 

•5 

% 

• 

0) 

X 

0 

Y 

0 

« 

u 

CM 

a 

m.e.  X 

O 

im.e.  Y 

O 

21  Mar 

25 

2.6 

96.435 

96.710 

.0003 

.0002 

21  Mar* 

25 

2.4 

96.435 

96.710 

.ooo4 

.0003 

28  May- 

24 

2.7 

96.443 

96.691 

.0003 

.0003 

10  Apr 

22 

6.5 

96.452 

96.719 

.0011 

.0007 

10  Apr* 

22 

7.1 

96.452 

96.719 

.0013 

.0008 

11  Apr 

22 

6.5 

96.453 

96.701 

.0009 

.0007 

7  May 

25 

4.9 

96.437 

96.705 

.0005 

.0004 

8  May 

25 

5.9 

96.413 

96.720 

.0006 

.0005 

Avg. 

m.  e. 

=  4.8 

.0007 

.0005 

S  &  y,«) - 

GRADS 


m.e.  Z 

0 

5.666 

.0005 

m.e.  a 

S 

I98.O5I 

.0034 

m.e.  to 
g 

-  .045 
.0028 

m.e.  lie 

g 

-49.439 

.0009 

5.665 

.0006 

ic)8.054 

.0047 

-  .039 
.0032 

-49.442 

.0010 

5.677 

.0005 

198.129 

.0036 

.279 

.0035 

-49.318 

.0010 

5.668 

.0017 

198.202 

.0138 

.311 

.0085 

-49.683 

.0027 

5.667 

.0019 

198.205 

.0155 

.312 

.0096 

-49.685 

.0031 

5.672 

.0014 

198  ..178 

.0114 

.324 

.0084 

-49.298 

.0026 

5.668 

.0010 

198.226 

.0065 

.224 

.0052 

~49.48o 

.0018 

5.661 

.0012 

198.277 

.0077 

.206 

.0063 

-49.395 

.0021 

.0011 

.0083 

.0059 

.0019 

*  CHECK  :ruh 

**  c  =  .100:55,  x  =  y  =  0 

***  number  of  control  points  measured 

****  mean  error  in  microns  of  a  single  measurement  of  unit  weight 
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TABLE  19 

REFRACTION  CORRECTIONS  FROM  ASKANIA  CAMERAS  TO  RC-7  CAMERA 

Refraction  Corrections  (meters) 


Miss . 
No. 

Mission 

Pi  C  to  RC-7 
(1) 

Pi  D  to  RC-7 
(2) 

Difference 

(3) 

Mean 

(M 

i 

21  Mar 

1/2 

-1.33 

-1.47 

.14 

-1.40 

2 

21  Mar 

2/1 

-1.34 

-1.45 

.11 

-1.40 

3 

21  Mar 

1/2* 

-1.33 

-1.47 

.14 

-1.40 

4 

A  O  W _ 

war 

2/2 

-1.37 

-1.41 

.04 

-1.39 

5 

10  Apr 

3/1-1 

-1.33 

-1.49 

.16 

-1.4l 

6 

10  Apr 

3/1-2 

-1.48 

-1.66 

.18 

-1.57 

7 

10  Apr 

3/1=1* 

-1.33 

-1.49 

.16 

-1.4l 

8 

10  Apr 

3/1-2* 

-1.48 

-1.66 

.18 

-1.57 

9 

11  Apr 

1/2-1 

-1.39 

-1.39 

.00 

-1.39 

10 

11  Apr 

1/2-2 

-1.51 

-1.59 

.08 

-1.55 

11 

11  Apr 

1/3-1 

-1.34 

-1.47 

.13 

-1.41 

12 

11  Apr 

1/3-2 

-1.46 

-1.60 

.14 

-1.53 

13 

7  May 

1/1 

-1.37 

-1.48 

.11 

-1.42 

14 

7  May 

1/2. 

-1.36 

-1.41 

.05 

-1.38 

15 

7  May 

1/4 

-1.35 

-1.44 

•09 

-1.40 

16 

8  May 

3/1 

-1.36 

-1.46 

.10 

-1.4l 

17 

8  May 

3/2 

-1.34 

-1.49 

.15 

-1,42 

*  Check  Runs 


TABLE  20 


DIRECTION  OF  GUN  OVER  THE  RANGE 
AT  THE  MOMENT  THE  GUN  WAS  FIRED 


Date 

•S 

CO 

CQ 

St 

CQ 

(0 

aJ 

§ 

« 

A 

21  Mar 

58 

1 

2 

1 

392.452 

21  Mar 

58 

1 

2 

1* 

392.205 

21  Mar 

58 

2 

1 

1 

8.352 

28  Mar 

58 

2 

2 

1 

37.625 

10  Apr 

58 

3 

1 

1 

348.102 

10  Apr 

58 

3 

1 

1* 

348.048 

10  Apr 

58 

3 

1 

2 

26.753 

10  Apr 

58 

3 

1 

2* 

26.550 

11  Apr 

58 

1 

2 

1 

33.910 

11  Apr 

58 

1 

2 

2 

4.845 

11  Apr 

58 

1 

3 

1 

387.775 

11  Apr 

58 

1 

3 

2 

372.214 

7  May 

58 

1 

1 

1 

343.204 

7  May 

58 

1 

2 

1 

39.296 

7  May 

58 

1 

4 

1 

16.491 

8  May 

58 

3 

1 

1 

56.150 

8  May 

58 

3 

2 

1 

39.594 

GRADS 


V 

a 

(0 

198.337 

198.549 

399.803 

198.325 

198.338 

399.795 

198.302 

198.316 

.222 

196.067 

196.733 

2.190 

197.289 

198.140 

398.027 

197.281 

198.137 

398.020 

198.410 

198.548 

.648 

198.398 

198.535 

.649 

196.187 

196.714 

1.936 

196.758 

196.767 

.246 

196.842 

196.900 

399.398 

197.406 

197.649 

398.904 

196.676 

197.912 

397-413 

197*070 

197.610 

1.695 

197.231 

197.323 

.709 

196.385 

197.701 

2.790 

197.859 

198.260 

1.247 

*  Check  Run 
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TABLE  21 


GEOGRAralC  POSrrIONs  OF  EGLu*  Arts  RANGE  LIGni'S 


Point  No. 

0 

X 

|| 

H 

(meters) 

Pi  C 

30° 

33S 

00.502 

86° 

37* 

19.432 

57.362 

Pi  D 

30 

37 

57.288 

86 

4l 

02.675 

42.654 

wrr\ 

mxu 

7/N 

JV 

35 

r\~l  ry  -*r\ 

UJ-  .  (  JC. 

VJU 

cr\  o»7C 

52 .6 

Coupland 

30 

35 

29.220 

86 

39 

10.464 

67.132 

9 

30 

34 

50.65184 

86 

45 

29.13569 

54.589 

12 

30 

30 

44.55020 

86 

42 

16.67930 

35.826 

13 

30 

35 

44.44512 

86 

43 

54.97437 

57.994 

16 

30 

31 

33.41819 

86 

4o 

44.46125 

38.555 

17 

30 

36 

38.08818 

86 

42 

24.62201 

52.734 

r\  a 

dV 

30 

f  A 

fOJ.O± 

O/* 

00 

59 

1  T  TrtOrtl 

-L^.uuoya. 

1.  O  r/\A 

Ho.pyu 

21 

30 

37 

30.49215 

86 

4o 

42.14681 

47.789 

24 

30 

33 

24.86331 

86 

37 

38.03528 

53.409 

25 

30 

38 

26.67464 

86 

39 

08.93853 

39.923 

nO 

eu 

1A 

JV 

lit 

1  Q  ArrAl  O 
XU«£( U1U 

ad 

w 

id 

m  cQ  7*1  c 
wx  • 

CT  X  AAC 
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TABLE  22 


EjuajCuu 

n  AArmnn  frmn  /ATI  T7»/"1  T  TTkT 

uuunuiivixrio  ur  jzajjuxti 

Ann  nk urrci  t  muma 
AC  jd  xvruivjrjj  j-ixv-txxx  uj 

Meters 

Point  So. 

X 

y 

z 

Pi  C 

-1555.0080 

-5452.0527 

54.8458 

Pi  D 

-1555.7141 

5452.1625 

40.1500 

MID 

0.0000 

0.0000 

52.600 

Coupland 

i  crcri  rrrvoi 

-X^X  •  {  \JC--L. 

a  oi  cn 

££  QliVl 

VW  .  7-Tyv 

Q 

7550.7517 

4511.0490 

48.5297 

12 

7590.1580 

4638.9399 

29.8582 

15 

4544.5022 

4528.9747 

54-7692 

16 

1.  crvA  £ 

)i7in  )ikA 
-*r  f  x^ 

oaot 

^  •  I-VU4. 

17 
- » 

1626.1152 

4599.2995 

50.8666 

20 

1424.5047 

-4455.2196 

46.8825 

21 

-1541.7195 

4462.5607 

46.0549 

nil 

c«t 

i  iroQ  oQ  rrQ 
-J.?£ZU  *CZ.KJ  (U 

li  CCA  AI.aa 
.vncu 

m  cnnn 

^X . 

25 

-4565 .8482 

4558.5497 

56,6468 

28 

-4579.7276 

-4575.0096 

50.7122 

-nyj- 


132 


TABLE  23 


PI  C  -  ASKAKIA  CAMERA  ORIENTATIONS** 

(enforcing  X  Y  Z  ) 
o  o  o 


Date 

Mission 

Pass 

No.  of 
Stars 

21  Mar 

M1/P2 

11 

21  Mar 

M1/P2* 

12 

21  Mar 

M2/P1 

15 

28  Mar 

M2/P2 

17 

10  Apr 

M3/P1 

15 

10  Apr 

M3/P1* 

15 

11  Apr 

M1/P2 

12 

11  Apr 

Ml/P  3 

14 

m.e.  Single 
Plate  Meas. 
(microns ) 

°g 

m.e.  a 
g 

(0 

g 

m.e.  a> 

g 

5.01 

23.590 

.035 

-30.677 

.018 

3.25 

23.626 

.022 

-30.675 

.011 

5.1B 

23.618 

.017 

-30.547 

.017 

5.77 

23.634 

.019 

-30.569 

.020 

5-35 

19.416 

.022 

\ 

-33.159 

.028 

5.38 

19.421 

.018 

-33.163 

.026 

4.08 

19.446 

.024 

-33.334 

.020 

5.40 

19.525 

.032 

-33.207 

.023 

K 

g 

c 

X 

P 

m.e.  k 

g 

m.e.  of  c 

m.e.  x 

P 

-55.864 

.370482 

.167405 

.016 

10.34 

163.68 

-56.173 

.370475 

.164595 

.010 

6.68 

102.968 

-55.394 

.370521 

.183943 

.008 

9.24 

108.98 

-55.880 

.370460 

.167160 

.009 

H.27 

132.14 

-64.670 

.370511 

.168534 

.011 

10.93 

174.09 

-64.337 

.370506 

. 164543 
151.64 

.009 

10.78 

-64.666 

.370532 

.164670 

.012 

9.46 

149.30 

-64.098 

.370555 

.164695 

.016 

10.57 

185.48 

m.e.  of 

.190811 

129.36 

.190592 

82.292 

.193334 

78.08 

.190675 

77.55 

.192291 

95.36 

.189922 

94.12 

.190245 

82.79 

.190420 

102.47 


TABU  23  (continued) 


PI  C  -  ASKAflIA  CAMERA  ORIERLftTIOJK 
‘(tSorcing  XQ  Yq  ZqJ 


Date 

Mission 

Pass 

Ho.  of 
Stars 

m.e.  Single 
Plate  Meas. 
(microns ) 

a 

g 

m.e.  a 
g 

7  May 

Mi/Pl 

11 

4.98 

24.374 

.023 

7  May 

Ma/P2 

6 

9.80 

24.340 

.061 

7  May 

mi/p4 

8 

6.2 6 

24.406 

.02.5 

8  May 

M3/P1 

14. 

4.41 

GO  t- 

8  May 

M3/P2 

7 

8.60 

24.2S>6 

.056 

in 

g 

K  g 

c 

XP 

yP 

m.e.  ca 
g 

m.e*  k 

g 

m.e.  of  c 

m.e.  x_ 

P 

m.e.  of 

-.35-260 

-57.608 

.570507 

.166636 

.195186 

.028 

.012 

11.57 

155.58 

122.67 

-55.245 

-57.555 

.570555 

.065545 

.093601 

.074 

.0:52 

30.04 

448.78 

2fi5.35 

-35.167 

-56.008 

.570541 

.064-255 

.094892 

.028 

.013 

14.17 

1681.89 

220.94 

-35.263 

-59.082 

.570477 

.166574 

.2.89841 

.020 

.014 

10.18 

159.67 

2.14.70 

-55.I72 

-57.155 

.570495 

.062757 

.090008 

.046 

.030 

24.22 

328.21 

214.04 

*  Check  Rune 

-#-*  y  q,nfl  y  values  are  not.  reduced  to  a  catmncan  zero,. 
P  P 

c,  x  and  y  given  :Ln  meters 
P  P 

m.e.  of  c,  x  sind  y^  given  in  microns 


tabu;  24 


PI  D  -  ASKABIA  CAMERA  CEOEHimOHS** 

\  enforcing  X  Y  Z  ) 
o  o  o 


Date 

Mission 

Pans 

No.  of 
Stars 

m.e.  Single 
Plate  Meas. 
(microns) 

a 

g 

m.e.  a 
g 

a) 

g 

m.e.  cd 
g 

K 

g 

m.e.  Kg 

C 

m.e.  of  c 

X 

P 

m.e.  x 

P 

yp 

m.e.  y 

P 

21  Mar 

M1/P2 

10 

4.73 

-37*355 

.032 

6.839 

.028 

1/39.818 

.004 

.370485 

14.18 

.166764 

183.80 

.191342 

166.22 

21  Mar 

M1/P2* 

11 

4.72 

-37.375 

.028 

6.856 

.027 

1/39.256 

.004 

.370466 

13.08 

.165564 

164.79 

.189255 

161.64 

21  Mar 

M2/P1 

10 

5.60 

-37*533 

.033 

6.914 

.026 

190.216 

.004 

.370340 

14.42 

.184110 

195.31 

.200593 

147.74 

28  Mar 

M2/P2 

11 

5.04 

-7T.  583 
.034 

6.853 

.022 

190.402 

.004 

.370292 

13.98 

.170035 

202.21 

.193083 

121.82 

10  Apr 

M3/P1 

15 

4.41 

-27-939 

.023 

2.328 

.014 

195.917 

.002 

.370330 

9-95 

.166935 

134.61 

.190575 

80.93 

10  Apr 

M3/P1* 

15 

5-73 

-37.919 

.030 

2.310 

.018 

195.839 

.002 

.370343 

12.87 

.165784 

174.60 

.188454 

105.10 

11  Apr 

M1/P2' 

11 

5.22 

-37.968 

.029 

2.238 

.021 

196.684 

.002 

.370446 

13.24 

.163428 

166.82 

.191018 

126.48 

11  Apr 

M1/P3 

13 

5.04 

-37.971 

.025 

2.326 
.017  • 

195.587 

.002 

. 370336 
10.44 

.165162 

147.76 

.189635 

98.88 

Pi  D  -  ASKAHIA  CAMERA  ORIEOTATIONS** 
[enforcing  X_  Y  2  ) 


ft 


ft 


<u 
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.ft 
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TABLE  25 


RELATIVE  TIMES  OF  EVENTS 
(SECONDS) 


21  Mar 

21  Mar 

28  Mar1 

M1/P2 

M2/P1 

M2/P2 

RC-7  Flash 

.015262  - 

.038453 

-  .137893 

Gun  Trigger  Pulse 

.014500  - 

.037.500 

-  .1353>00 

Gun  Fire 

.016600  - 

.035200 

-  .133200 

Start  of  Doppler 

..019500  - 

.032500 

-  .130000 

1st  Micro 

.OI990L  - 

.031922 

-  .1306.27 

2nd  Micro 

..025506  - 

.028261 

-  .126950 

Burst 

,.875700 

.937420 

None 

Reset 

..1237 

.1254 

.1366 

Post  Survey  1 

1.9760 

1.7830 

2.2740 

2 

2.4767 

2.2838 

2.7746 

5 

2.9767 

2.7838 

3.2746 

3.4766 

3.2838 

3.7746 

5 

3.9766 

3.7838 

4.2746 

6 

_ 

- 

- 

G  7 

_ 

_ 

_ 

on  Q 

- 

- 

- 

9 

- 

- 

- 

1C 

- 

- 

- 

10  Apr 

11  Apr 

11  Apr 
M1/P3-R1 

7  May 

M3/P1-R1 

M1/P2-R1 

Ml/Pl 

-  .007635 

.499257 

-  .049790 

-  .000217 

-  .005100 

.501050 

-  .047750 

.001500 

-  .'003000 

.503150 

-  .045650 

.003600 

.'000120 

.506300 

-  .042350 

.006900 

.'000044 

.506291 

-  .042585 

.007910 

.003712 

.509:974 

-  . 038912 

.012104 

None 

None 

None 

None 

.14706 

.13755 

.14681  . 

.15471 

1.43001* 

2.31585 

1.79888 

1.79704 

2.80550 

2.80697 

2.29808 

2.29766 

None 

3.50693 

2.79807 

2.79764 

- 

3.80700 

3.29798 

3.29757 

- 

4.30697 

3.79801 

3.79759 

- 

4.80701 

4.29803 

4.29764 

_ 

5.30698 

4.79801 

4.79762 

- 

5.80696 

5.29800 

5.29759 

- 

6.30697 

5.797:98 

5.79760 

- 

None 

6.29803 

6.29760 

- 

7  May 

7  May 

8  May 

8  May 

M1/P2 

M1/P4 

M3/P1 

M3/P2 

-  .047842 

-  .006869 

-  .003320 

-  .036495 

-  .047250 

-  .171900 

-  .002200 

-  .035640 

-  .045150 

- 

-  .000100 

-  .033540 

-  .041800 

- 

.003350 

-  .030160 

-  .039558 

.002180 

.004570 

-  .028076 

-  .035329 

.006421 

.008707 

-  .023875 

None 

None 

None 

None 

.165230 

.177457 

.18774 

.189060 

2.81670 

2 .82745 

1.82113 

2.01340 

- 

3.32809 

2.30644 

2.83440 

- 

3.82808 

2.83300 

3.53482 

- 

4 . 32810 

3.33254 

5.834 8(5 

4.82802 

3.83351 

4.33353 

4.83353 

4.33476 

SECOND  ROUND 

Ril.  2 

Rft.  2 

Rd.  2 

RC-7  Flash 

8.772934 

6.S&9830 

6.897346 

Gun  Trigger  Pulse 

8.'7763O0 

6.951600 

6.8951450 

Gun  Fire 

8.778400 

6.9537OO 

6.901550 

Start  of  Doppler 

8.7816OO 

6.956900 

6.904950 

1st  Micro 

8.779677 

6.957083 

6.904647 

2nd  Micro 

8.784340 

6.5)60735 

6.9081320 

Burst 

9.735400 

None 

None 

Reset 

7.64680 

7.14775 

7.14774 

7.60790* 

8.79746* 

Post  Survey  1 

9.30636 

9.30017 

8.79701 

2 

9.81540 

9.79809 

9.29758 

3 

10.30689 

10.29804 

9.79765 

k 

10.80703 

10.79803 

10.29760 

5 

II.30705 

11.29812 

10.79761 

6 

11.60696 

11.79808 

11.29758 

‘^Extra  Flashes 


TABLE  26 


ASKANIA  RESULTS* 
(meters ) 


21  March  M1/P2 

21  March  Ml/P2  Check  Run 

Coordinates 

Coordinates 

X  Y 

z 

X 

Y 

Z 

Burst 

2033-94  -636.44 

8869.91 

2033.89 

-636.56 

8870.17 

Flash  RC-7 

1859.72  -614.45 

9602.65 

1839.67 

-614.48 

9602.30 

Reset 

1888.94  -615.67 

9602.59 

1888.77 

-615.74 

9602.09 

Post  Survey  1 

2285.41  -627.84 

9603.90 

2285.06 

-627.70 

9603.27 

2 

2405.17  -631.57 

9604.53 

2404.99 

-631.46 

9604.16 

3 

2524.74  -635.37 

9604.54 

2524.63 

-635.18 

9604.38 

4 

2644.17  -639.21 

9604.84 

2643.96 

-639.00 

9604.29 

5 

2763.45  -643.19 

9605.22 

2763.31 

-643.03 

9604.86 

21  March  M2/P1 

28  March  M2/P2 

Coordinates 

Coordinates 

X  Y 

z 

X 

Y  • 

z 

Burst 

2256.41  -501.91 

8654.97 

1956.55 

-204.68 

8841.73 

Flash  RC-7 

2049.08  -499.04 

9486.39 

1762.56 

-206.60 

9593.37 

Reset 

2086.57  -496.46 

9485.81 

1820.67 

-209.56 

9595.13 

Post  Survey 

l 

2474.62  -476.87 

9488.42 

2274.57 

-234.58 

9609.97 

2 

2591.60  -470.84 

9488.97 

2380.01 

-240.47 

9613.38 

3 

2708.69  -464.94 

9489.94 

2485.50 

-246.50 

9617.18 

4 

2825.53  -459.38 

9490.05 

2590.52 

-252.47 

9620.51 

5 

2942.65  -453.54 

9490.93 

2695 .82 

-258.42 

9624.11 

2800.82 

-264.59 

9627.60 

10  Apr  M3/P1  Rd.  1 

10  Apr  M3/P1  Rd.  1 

Check  Run 

Coordinates 

Coordinates 

X  Y 

Z 

X 

Y 

Z 

1st  Burst 

1955.32  -737-25 

8864.11 

1955.40 

-737.25 

AAA),  i), 

WW T  •  XT 

Flash  RC-7 

1775.00  -688.40 

9664.42 

1775.13 

-688.47 

9664.30 

Reset 

1805.85  -689.72 

9664.29 

1805.90 

-689.92 

9664.33 

Post  Survey 

1 

2242.42  -711.26 

9667.10 

2242.42 

-711.50 

9667.15 

2 

2541.22  -716.29 

9667.40 

2341.27 

-716.41 

9667.40 

3 

2442.26  -721.38 

9668.32 

2442.07 

-721.52 

9667.8I 

4 

2542.93  -726.57 

9668.19 

2542.66 

-726.61 

9668.13 

5 

2643.85  -731.71 

9668.57 

2643.72 

-731.80 

9668.58 

6 

2744.53  -737.04 

9668.72 

2744.41 

-737.19 

9668.44 

7 

2845.53  -742.37 

9668.62 

2845.31 

-742.60 

9668.42 

8 

2946.20  -747.99 

9668.40 

2946.01 

-747.99 

9668.22 

9 

3047.24  -753.62 

9668.00 

3047.10 

-753.85 

9667.99 
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TABLE  26  (continued) 

ASKANIA  RESULTS* 

(meters ) 

10  Apr  M3/P1  Rd.  2  10  Apr  M3/P1  Rd.  2  Check  Run 

Coordinates  Coordinates 


X 

Y 

Z 

X  Y 

Z 

2nd  Burst 

3720.04 

-801.11 

8870.15 

3719.78  -801.22 

8869.53 

Flash  RC-7 

3545.90 

-782.67 

9668 . 28 

3545.65  -782.94 

9667.98 

Reset 

3317-84 

-769.14 

9668.08 

3318.93  -770.52 

9668.78 

rost  Survey  1 

3653.06 

-788.92 

9667.87 

3653.02  -789.27 

9667.75 

2 

3755.88 

-795.26 

9668.16 

3755.80  -795.46 

9667.82 

3 

3855.50 

-801.56 

9668.27 

3855.42  -801.73 

9668.00 

4 

3956.13 

-807.81 

9668.45 

3956.18  -808.00 

9668.28 

11  Apr  M1/P2  Rd, 

,  l 

11  Apr  M1/P3  Rd, 

.  1 

Coordinates 

Coordinates 

X 

Y 

z 

X  Y 

Z 

1st  Burst 

2597-11 

-262.29 

7947.88 

2012.21  -573.79 

8807.13 

RC-7  Flash 

2237.76 

-275.77 

9550.79 

1816.53  -552.96 

9643.26 

Reset 

2161.39 

-271.75 

9550.09 

1858.13  -554.75 

9643.74 

Post  Survey 

1 

2434.38 

-286.08 

9553.77 

2206.09  -57i.il 

9645.13 

2 

2512.07 

-290.32 

9554.67 

2311.84  -576.26 

9645.54 

3 

2617.54 

-296.25 

9555.77 

2417.55  -581.76 

9645.30 

4 

2723.28 

-302.42 

9557-34 

2523.10  -586.86 

9645.11 

5 

2828.87 

-308.78 

9558.40 

2629.00  -592.18 

9644.44 

6 

2934.50 

-315.01 

9559-43 

2734.69  -597.72 

9644.08 

7 

3040.27 

-321.34 

9560.61 

2840.51  -603.20 

9643.90 

8 

3146.14 

-327.96 

9561.25 

2946.16  -608.68 

9642.79 

9 

3252.07 

-334.68 

9562.42 

3052.26  -614.33 

9641.99 

10 

3357.98 

-341.46 

9563.49 

3157.97  -619.88 

9641.44 

11 

3463.95 

-348.32 

9564.86 

11  Apr 

M1/P2  Rd, 

.  2 

11  Apr  Ml/P 3  Rd, 

.  2 

Coordinates 

Coordinates 

X 

Y 

Z 

X  Y 

Z 

2nd  Burst 

3785.27 

-370.56 

8789.41 

3469.42  -655.88 

8820.55 

RC-7  Flash 

3602.21 

-357.40 

9566.35 

3284.94  -626.96 

9640.21 

Reset 

3644.18 

-360.20 

9566.56 

3338.14  -630.01 

9639.69 

Post  Survey 

1 

4100.21 

-391.41 

9570.74 

NOT  MEASURABLE 

2 

3794.08  -655.53 

9634.50 

3 

3900.33  -66I.76 

9633.14 

4 

4006.41  -667.59 

9631.45 
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TABLE  2 6  (continued) 


Burst 

RC-7  Flash 
Reset 

Post  Survey  1 


ASKANIA  RESULTS* 
(meters) 


7  May  Ml/Pl  Rd.  1 
Coordinates 

X  Y  Z 

2424.41  -6oo.48  8043.85 
1954.48  -488.47  9692.68 
1995.77  -488.12  9692,96 
2658.53  -480.31  9697.08 


7  May  M1/P2  Rd.  1 
Coordinates 

X  Y  Z 

2206.63  -206,72  7948.65 
1745,88  -217.86  9559.18 
1798 . 58  -2l6 .81  9540 . 21 

2450.35  -203.08  9554.32 


7  May  M1/P4  Rd, 

Coordinates 

X 

Y 

Burst 

2259.18 

-403,84 

RC-7  Flash 

1787,59 

-395.14 

Reset 

1832.61 

-393.73 

Post  Survey  1 

2479.39 

-372.94 

2 

26OI.78 

-369.OI 

3 

2725.76 

l.t. 

4 

2846 . 22 

-361.70 

5 

2968.18 

-358.04 

8  May  M3/P1  Rd 

Coordinates 

X 

Y 

Burst 

m 
•  U-L 

-429.83 

RC-7  Flash 

1805.07 

-46l.o6 

Reset 

1850.03 

-462.07 

•pt»sh  Survey 

1 

2234.35 

-469.56 

2 

NOT 

MEASURED 

3 

2472.83 

-475.09 

4 

2590.59 

-4  f8 . 30 

5 

2708.44 

-481.70 

6 

2826.21 

-485,30 

7 

l 

po1Uj..o4 

-489.20 

1 


Z 

8035.36 
9622.09 
9623.03 
9639.60 
9642.74 
9646 . 26 
9650.70 

9654.19 


1 

8  May  M3/P2  Rd. 
Coordinates 

i 

z 

X 

Y 

z 

8125 .42 

2247,74 

-642.51 

8086.27 

9702.40 

1827.49 

-646.74 

9690.31 

9702.76 

1880.32 

-646.77 

9690.66 

9709.15 

2311.04 

-648.10 

9693.02 

2503.59 

-649 . 37 

/-\^T  r\-z.  tr  c 

yuyj.?? 

9715.90 

2621.73 

-650.31 

9693.99 

9716.21 

2739.57 

-651.28 

9693,91 

9718 .81 
9721,42 
9724.10 

2857.89 

-652.84 

9693.50 

*  Z  Coordinates  not  corrected  for  refraction 
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TABLE  27 


CROSSVIND  RESULTS 

(a)  SPACE  COORDINATES  OF  AIRCRAFT  AT  TIME  OF  FIRING: 

1.  Firing  -  Coordinates  listed  are  for  the  position  of  the  end  of  the  gun  barrel  in  meters  at 
time  of  firing 

2.  Burst  -  Coordinates  listed  are  for  position  of  burst  in  meters 

(b)  AVERAGE  VELOCITY  OF  AIRCRAFT:  given  in  meters/sec 

(c)  ORIENTATION  OF  THE  GUN  CENTER  LINE  IN  SPACE  AT  THE  MOMENT  OF  FIRING 

(d)  MUZZLE  VELOCITY: 

Muzzle  velocity  of  the  projectile  as  obtained  by  optical  and  electronic  methods,  17*5  ft/sec 
constant  bias  not  applied  to  electronic  method 

(e)  TIME  EMERGENCE  OF  PROJECTILE: 

Elapsed  time  in  seconds  between  time  gun  fires  and  projectile  emerges  from  barrel 

(f)  TIME  OF  BURST  OF  PROJECTILE: 

Elapsed  time  in  seconds  between  time  gun  fires  and  burst  occurs 


Date 

(a) 

(b) 

( 

<0 

(4) 

(e) 

(f) 

Miss/Pass 

m/sec 

a8 

a,6 

Round 

X 

Y 

z 

AS 

Optics 

Elect 

Emerge 

Burst 

m 

Vs 

m/  sec 

sec 

sec 

21  Mar 

1 

1840.14 

-6l4 .45 

9601.44 

239.06 

198.35 

399.00 

None 

970.79 

.002900 

.859100 

M1/P2 

2 

2033.94 

-636.44 

8868.61 

392.45 

198.34 

21  Mar 

1 

2049.46 

.499.04 

9485.18 

234.26 

198.32 

.222 

None 

999.14 

.002700 

.972620 

M2/P1 

2 

2256.41 

-501.91 

8653.69 

8.35 

198.30 

28  Mar 

1 

1763.17 

-206.60 

9592.17 

211.02 

196;73 

2.19 

None 

986.94 

.003200 

None 

M2/P2 

2 

1956.55 

-204.68 

8840.45 

37.62 

196.07 

10  Apr 

1 

1775.51 

s  nn  1  ^ 
-OOO. 4U 

9663.20 

£UJ-  .00 

1  /\Q  T  1, 

±yo  .±4- 

398 .03 

None 

{  Q 

y?  ( 

r\r\~Z  rxr' » 

•  KJKJJJLdV 

None 

M3/P1-1 

2 

1955.32 

-737.25 

8862.82 

348.10 

197.29 

10  Apr 

1 

3546 .62 

-782.67 

9666.90 

202.23 

198.55 

.65 

None 

964.08 

.003200 

.957000 

M3/P1-2 

2 

3720.04 

-801.11 

8868.69 

26.73 

198.41 

11  Apr 

1 

2238.20 

-275.77 

9549.59 

211.81 

196.71 

1.94 

None 

956.16 

.003150 

None 

M1/P2-1 

2 

2597.11 

-262.29 

7946.68 

33.91 

196.19 

11  Apr 

1 

3602.65 

-357-40 

9564.99 

212.30 

196.77 

•  25 

None 

955.55 

.op 3200 

None 

M1/P2-2 

2 

3785.27 

-370.56 

8787.96 

4.84 

196.76 

11  Apr 

1 

1817.03 

-552.96 

9642.04 

211.71 

196.90 

399.40 

None 

951.59 

.003300 

None 

M1/P3-1 

2 

2012.21 

-573.79 

8805.85 

387.78 

196.84 

11  Apr 

1 

3285.46 

-626.96 

9638.87 

212.60 

197.65 

398.90 

None 

938.18 

.003400 

None 

M1/P3-2 

2 

3469.42 

-655.88 

8819.13 

372.21 

197.41 

7  May 

1 

1955.06 

-488.47 

9691.45 

250.80 

197.91 

397-41 

977.09 

972.01 

.003300 

None 

Ml/Pl 

2 

2424.41 

-600.48 

8042.57 

343.20 

196.68 

7  May 

1 

1746.16 

-217.86 

9537-99 

245.58 

197.61 

1.70 

957.68 

954.64 

.003350 

None 

M1/P2 

2 

2206.63 

-206.72 

7947.48 

39.30 

197.07 

7  May 

1 

1747.37 

-395.14 

9620.88 

244.49 

197.32 

•  71 

946.10 

None 

None 

None 

M1/P4 

2 

2259.18 

-403.84 

8054.17 

16.49 

197.23 

7  May 
M1/P5 

Missing  flashes  on  Askania  plates 

940.61 

932.38 

8  May 

1 

1805.45 

-461.06 

9701.18 

235.66 

197.70 

2.79 

None 

966.22 

.003450 

None 

M3/P1 

2 

2226,01 

-429.83 

8124.22 

56.15 

196.38 

8  May 

1 

1827 .80 

-646.74 

9689.09 

235.78 

198.26 

1.25 

961.95 

956.77 

.003380 

None 

M3/P2 

2 

2247.74 

-642.51 

8085.07 

39.59 

197.86 

TABLE  28 


:projeictile  velocities 

(by  Velocity  Cameras  and  Corresponding  P.V„M.  Results ) 


Ml/Pl 

7  May 

M1/P2 

Ml/p4 

M1/P5 

Projectile  @t? 

X 

97.4531 

97.4585 

97.4536 

97.4626 

Y 

96.6931 

96.6921 

96.6923 

96.6908 

Z 

-  .0910 

-  .0536 

-  .0142 

-  .1.343 

Projectile  @t. 

X 

97.3827 

97.3829 

97.3829 

97.5356 

Y 

96.7023 

96.7024 

96.7024 

96.7030 

Z 

4.0063 

3.9960 

3.9973 

3.8456 

4iC 

.0704 

.0756 

.0707 

.0770 

Af 

-  .0092 

-  .0103 

-  .0101 

-  .0122 

4z 

-  4.0973 

-  4.0496 

-  4.0115 

-  3.9799 

Distance 

4.0979 

4.0503 

4.0121 

3.9807 

Time  (sec) 

.001(194 

.004229 

.004241 

.004232 

Velocity  meter  s/sec 

977.1 

957.7 

946.1 

940.6 

Velocity  ft/sec 

3205 

3142 

3140 

3086 

Electronic  (P.V.M. 

3189 

3132 

None 

3059 

System) 

Diff.  (ft/sec) 

16 

10 

27 

8  May 
M3/P2 

97.4298 

96.7140 

-  .1588 


97.3608 

S)6.7O06 

3.8822 

.0690 
.0134 
-  4.0410 

4.0416 

.004201 

9(52.0 

5136 

3139 


IT 


TABLE  29 


Date 


PVM  Value 


21  March  l/ 2  3185 


3202 


21  March  2/1 

3278 

3295 

28  March  2/2 

3238 

3255 

10  April  j/l-l 

3142 

515Q 
^  <■ 

i  a  a _ *  *1  t/i  n 

jlu  ivprix 

71  ^7 

71  0/1 

^1UU 

11  April  1/2-1 

3137 

3154 

11  April  1/2-2 

3135 

3152 

1  T  A wM-t  1  T  /x  T 

-4.0.  J-f 

XT  OO 

XT  Xrk 

11  April  1/3-2 

3078 

3095 

7  May  l/l 

3189 

3206 

7  Mav  1  /p 
i  *  *~v  —/  — 

^P 

liQ 

-x—  ■  y 

7  May  1/5 

3059 

3076 

8  May  3/l 

3170 

3187 

8  Mav  ^/P 
-  — ^  ■'/  — 

3139 

3156 

l42 


No.  of 
Copies 

1 


DISTRIBUTION  LIST 


2 


10 


10 


5 


Organisation 

No.  of 
Copies 

Organization 

Chief  of  Ordnance 

3 

Chief,  Bureau  of  Naval  Weapons 

Department  of  the  Army 

Department  of  the  Navy 

Washington  25,  D.C. 

Washington  25,  D.C. 

Attn:  ORDTB  -  Bal  Sec 

Attn:  DIS-33 

Commanding  Officer 

2 

Commander 

Diamond  Ordnance  Fuze  Laboratories 

Naval  Ordnance  Laboratory 

Washington  25,  D.C. 

White  Oak,  Silver  Spring  19 

Attn:  ORDTL  -  012 

Maryland 

Mr.  Francis  E.  Washer 

Attn:  Library 

Commander 

2 

Commander 

Armed  Services  Technical 

U.S.  Naval  Ordnance  Test  Station 
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Commander 
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2 

Commander 

Washington  8,  D.C. 

U.S.  Naval  Weapons  Laboratory 

Dahlgren,  Virginia 

Of  Interest  to: 

Of  Interest  to: 

Prof.  E.H.  Thompson 

University  College 

Dr.  W.A.  Kemper 

London,  W.  C.  1 

England 

1 

Commanding  Officer 

Canadian  Army  Staff 

U.S,  Naval  Photographic 
Interpretation  Center 

2450  Massachusetts  Avenue 

4501  Suit land  Road 

Washington  8,  D.C. 

Washington  25,  D.C. 

Of  Interest  to: 

1 

Hydrographer 

National  Research  Council 

U.S.  Naval  Hydrographic  Office 
Washington  25,  D.C. 

of  Canada 

Ottawa  2.  Ontario 

2 

Commander 

Attn:  Mr.  T.J.  Blachut 

U.S.  Naval  Missile  Center 

Mr.  G.H.  Schut 

Point  Mugu,  California 
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DISTRIBUTION  LIST 


HO.  UJ.  no*  oi 

Copies  Organization  Copies  Organization 


1 


1 


1 


1 


1 


1 


13 


l 


2 


2 


Director  1 

U.S.  Naval  Research  Laboratory 
Washington  25,  D.C. 

Commander 

U.S.  Naval  Air  Development  Center 
Johns ville,  Pennsylvania  u 

Commanding  Officer 
Naval  Air  Test  Center 
Patuxent  River,  Maryland 

Chief  of  Naval  Operations 

Department  of  the  Navy 

Washington  25,  D.C.  , 

Rimprl  rvhAnrtATvh 
—  -tr ——  *''**'*''**  ~ 

U.S.  Naval  Observatory 

34th  and  Massachusetts  Avenue,  N.W. 

Washington  25,  D.C. 

Attn:  Dr.  William  Markowitz 

Director  ^ 

Air  University  Library 
Maxwell  Air  Force  Base,  Alabama 
Attn:  AUX  ( 3T-AUL-60-118) 

Commander 

Air  Proving  Ground  Center 
Eglin  Air  Force  Base,  Florida 
Attn:  PGTEI  (l  cy) 

PGEES  —  Mr.  W.A.  Brown  (2  cys) 


Commander 

Holloman  Air  Development  Center, 


Holloman  Air  Force  Base,  New  Mexico 


Commander 

Rome  Air  Development  Center 
Griffiss  Air  Force  Base 
Rome,  New  York 

Commander 

Wright  Air  Development  Division 
Wright-Patterson  Air  Force  Base 
Ohio 

Attn:  Aeronautical  Research 
Laboratory  (l  cy) 
WCLGH-4  (5  cys) 


Commanding  Officer 


Center 


Washington  25,  D.C. 

Attn:  Division  of  Photogrammetry 


Commander 

U.3.A.F.  Fighter  Weapons  School 
Nellis  Air  Force  Base,  Nevada 


Commander 

Aeronautical  Chart  and  Information 
Center 

Air,  Photographic  and  Charting 
Service  (MATS) 

Second  and  Arsenal  Streets 
St.  Louis  18,  Missouri 
Attn:  Chief  Photogrammetry, 
Research  Branch, 

Mr .  Edwin  Roth 


Commander  1 

Air  Force  Missile  Test  Center 

(  iTTWP  nol  T  -J  MIT  1  \ 

y  m  ru.  jl.  w^juLuj.uqi  x  juxwi  ai  jf  J  J 

Patrick  Air  Force  Base,  Florida 
Commander 

Air  Force  Cambridge  Research 
Center,  ARBC 
L.G.  Hanscom  Field 
Bedford,  Massachusetts 
Attn:  Geophysics  Research 
Directorate 


Air  Force  Plant  Representative 
Office 

Consolidated- Vul tee  Aircraft 
Corporation 
P.0.  Box  371 
Fort  Worth,  Texas 

Air  Force  Plant  Representative 
General  Electric  Company 
Room  ^27 ,  Bldg.  22 
1  River  Road 
Schenectady  5,  New  York 
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DISTRIBUTION  LIST 


No.  of 
Copies 


J. 


1 


1 


1 


1 


1 


1 


1 


Organization 


No.  of 
Copies 


A  j _  -n _ m  -»r/- 

m.r  rurce  jtxcwiu  i\crjji'coc:iit;ckL.j.  v  c 

Office 

Lockheed  Aircraft  Corporation 
Factory  "A" 

P.0.  Box  551 
Burbank,  California 


Air  Force  Development  Field 
Representative 
Massachusetts  Institute  of 
Technology 
68  Albany  Street 
Cambridge  39>  Massachusetts 

Air  Force  Plant  Representative 
Office 

The  Martin  Company 
Baltimore,  Maryland 


J 


5 


Air  Force  Plant  Representative 

Office  1 

North  American  Aviation,  Inc. 

Los  Angeles  International  Airport 
Los  Angeles  h-5 ,  California 
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